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LETTER  OF  TRANSMITTAL. 


TJ.  S.  Dbpartment  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C,  AugwitB,  IH04. 
Sm:  I  have  the  honor  to  transmit  herewith  the  manuacriiit  of  a 
paper  entitled  "The  Commercial  Status  of  Durnm  Wheat,"  by  Mark 
Alfred  Carleton,  Cerealist  in  Charge  of  Cereal  Investi^rjitione,  an<l  Dr. 
Joseph  S.  Chamberlain,  Physiological  Chemist,  Vegetable  Patholog- 
ical and  Physiological  Investigations,  and  recommend  its  publication 
as  Bulletin  No,  70  of  the  series  of  this  Bureau.  The  chemical  inves- 
tigations were  eonducteii  as  a  part  of  the  cooperative  work  in  cereal 
chemistrj-  between  this  Bureau  and  the  Bureau  of  Chemistrj-. 

The  accompanying  five  plates  and  a  text  figunt  are  necessary  to  a 
complete  understanding  of  the  subject-matter  of  this  jtapor. 
Respectfully, 

B.  T.  Galloway, 

Chu-f  of  Bureau. 
Hon,  James  Wilson, 

Secretary  of  AgricuUwre. 
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PREFACE. 


The  doram  wheats  are  of  ft  groTip  quite  distiact  from  any  other 
wheat,  and  until  recently  their  ([uslities  were  practically  anknown  in 
this  country.  After  it  had  been  determined  that  they  wenj  admirably 
adapted  for  cnltivatiou  in  the  semiarid  districts  (see  Bulletin  3  of  this 
Bureau)  the  demonstration  of  their  value  for  various  commercial 
purposes,  particularly  for  making  bread,  became  the  next  most 
important  question.  Numerous  tests  have  been  made  by  private 
parties,  and  careful  experiments  have  been  conducted  by  the  South 
Dakota  Agrienltural  Experiment  Station.  The  Department  of  Agri- 
culture has  also  investigated  the  matter,  and  the  present  publication 
by  Messrs.  Carletou  and  Chamberlain  gives  the  findings  of  the  last 
two  yeats.  As  a  result  of  all  these  inquiries  the  commercial  standing 
of  durum  wheat  may  now  be  considered  as  established,  thus  adding  a 
valuable  industry  to  the  resources  of  our  country, 

Ebwin  F.  Smith, 
Acting  Pathologist  and  Physiologic 
Offick  of  Vegetable  Pathological 

AKD  Physiological  Investioations, 

WasMngUm,  D.  C.  Atujmti,  1904. 
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B  P.  1.-1SB.  T,  P.  P.  L-IM. 

THE  COMMERCIAL  STATUS  OF  DURUM  WHEAT. 


ZNTBODTTCnOir. 

The  cultivation  in  this  country  of  durum  wheat  in  response  to  an 
actual  demand  for  it  has  passed  the  third  season,  and  the  fourth  crop 
will  soon  be  ready  for  delivery,  PreviouB  to  1901  this  wh^at  could  not 
usually  be  sold  at  the  elevators  or  mills  at  any  price  and  was  rarely 
grown — in  small  quantities  only,  for  stock  feed.  Since  its  commercial 
value  has  been  demonstrated  the  production  has  increased  from  100,000 
bushels,  the  largest  estimate  in  1901,  to  at  least  6,000,000  bushels 
in  1903 — an  increase  of  sixtyfold  in  two  years.  Ou  March  IK,  1904, 
the  price  of  durum  wheat  at  Buffalo,  N.  Y.,  was  *1.03  per  bushel, 
though  there  was  practically  none,  to  be  obtained.  Since  May  20, 
1901,  tl  per  bushel  has  been  offered  at  Buffalo  for  No,  2  durum  wheat, 
to  arrive  on  the  opening  of  lake  navigation."  A  very  good  export 
business  was  accomplished  with  the  19U3  crop,  although  the  quality 
of  the  grain  for  export  in  that  year  was  the  worst  it  has  ever  been,  or 
is  likely  to  be,  because  of  the  unusually  wet  season.  In  the  entire 
history  of  the  country  no  other  new  crop  appears  to  have  made  so 
remarkable  a  record. 

PSOFEB  RAITE  OF  DUSITK  WHEAT. 

It  is  a  striking  fact  that  6,000,000  bushelsof  a  grain  formerly  rejected 
should  be  sold  at  a  fancy  price  toward  the  close  of  the  winter,  long 
before  the  new  season  opens.  Most  important  of  all,  much  the  larger 
portion  was  sold  to  the  mills  for  making  bread  flour.  The  significance 
of  these  facte  is  evident.  The  continued  success  of  recent  milling  and 
liaking  operations  has  clearly  demonstrated  that  durum  wheat  has 
not  heretofore  been  given  its  proper  rank.  It  should  properly  be  con- 
sidered as  a  wheat  of  the  highest  class,  ranking  with  hard  spring  and 
hard  winter,  but  should  be  graded  on  its  own  merits  and  kept  abso- 
lutely distinct  from  either  of  these. 


lit  eboald  be  noted  that  this  particnlar  demand  for  durum  wheat  is  chiefly  for 
Tnfl'^"e  bread  flonr  at  the  mille. 


..Coot^le 


10  COMMERCIAL   3TATUS   OF   DURUM    WHKAT. 

In  portions  of  Europe  where  this  whe;it  is  well  known  its  excellent 
qualities  have  been  properly  recognized  for  a  long  time,  as  mentioned 
In  former  publications.  In  France,  the  greatest  bread-eating  country 
of  the  world,  a  large  quantity  of  durum  wheat  is  used  for  bread,  and 
in-the  region  from  Greece  to  Koumania,  inclusive,  it  forms  a  large 
percentage  of  the  annual  crop  consumed.  Much  the  lai^est  produc- 
tion of  durum  wheat  is  in  east  and  south  Russia,  and  the  price  at  the 
principal  Russian  markels  is  always  higher  than  that  of  the  hard  red 
spring  and  wlnt>er  wheats,  although  the  latter  easily  eqnal  in  quality 
the  similar  wheats  of  this  country.  In  tlie  Volga  River  region  the 
variety  Kubanka  or  Beloturka,  a  durnin  wlieat,  is  tlie  most  popular 
of  all  and  always  commands  a  price  considerably  liigher  than  that  of 
the  hard  red  wheats,  this  price  being  the  same  either  for  local  con- 
sumption or  for  export.     The  best  bread  of  that  rogioti  contains  at 
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least  8U  per  cent  of  Kubanka  wheat  floui-,  the  remaiuder  being  usually 
hard  red  spring  wheat  flour. 

'  The  extract  here  shown  of  this  board  of  trade  bulletin  (a  traneltition  of  which  is 
given  on  page  11)  gives  the  quantity  of  different  grains  received  daily  at  this  point 
and  the  daily  variation  in  price  (in  kopecks)  per  pood.  All  of  the  kinds  of  wheat 
represented  are  dnnun  except  the  one  called  Rnssian.  It  will  be  seen  tliat  the 
dnmm  wheats  not  only  arrive  in  considerably  largt^r  qnantitiee,  but  command  a 
mach  higher  price  than  the  variety  Rnssian,  Although  this  latter  variety  corre- 
eponds  well  to  our  own  northern  bard  spring  wheats  and  is  ahsolntely  as  good  in 
qoality.    In  fact,  our  own  hard  spring  wheat  prot)ably  originated  in  that  region. 
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PBOPEB   BANK   OF   DURUM    WHEAT. 
Price  current  No.  43,  Samara  Board  of  Trade,  Sept^aber  7-lS,  JSSS. 
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The  city  of  Samara,  on  the  upper  Volga,  haviiig  a  population  of 
alraiit  100,000,  although  not  particularly  a  milling  center,  corresponds 
fairly  well  in  other  respects  to  Minneapolis  as  a  grain  market.  At 
this  place  a  variety  called  aimply  "  Russian"i&  the  chief  representative 
of  the  liard  spring  wheats,  while  the  durum  wheat  group  is  represented 
by  Kubanka.  A  photographic  reproduction  of  a  portion  of  the  daily 
bulletin  of  the  Samara  board  of  trade  is  shown  in  figure  1,  followed 
by  a  translation  of  the  same,  which  illustrates  the  superior  value  of 
Kubanka  wheat  at  this  place.  It  will  be  seen  that  from  September  ]9 
to  25,  1898,  the  price  of  Kubanka  ranged  from  109  to  123  kopecks 
(1  kopeck  equals  0,515  cent)  per  pood  (3G  pounds),  and  that  Russian 
sold  at  82  to  103  kopecks.  The  number  of  cartloads  of  Kubanka 
received  during  the  week  was  5,660,  while  1,930  cartloads  of  Russian 
were  received  during  the  same  time."    It  is  interesting  to  note  that 


•I  A  cartload  ordinarily  averages  43  bashels.    This  waa  a  famine  jrear  in  east 
BoBsia;  hence  tlie  grain  receipts  at  Samara  were  nnnanally  low. 


12  OOMltEECIAI.   STATUS    OK   DCBCH   WHEAT. 

just  five  years  later  almost  an  exact  reverse  of  the  relations  in  price 
of  theae  two  classes  of  wheat  existed  in  this  country,  at  Minneapolis, 
and  yet  we  have  the  same  system  of  milling  and  largely  the  same 
export  outlet  for  our  wheat  and  flour  as  Russia.  The  explanation  is 
that  the  American  trade  is  only  now  becoming  acquainted  with  durum 


SPSOIAIi  aUAXniBB  OF  OOMHEBOIAIi  VAI.US:. 

So  long  as  durum  wheat  is  grown  where  it  is  well  adapted,  it  will 
always  possess  certain  special  qualities  of  commercial  value  not  exist- 
ing to  so  great  a  degree  in  other  wheats:  (1)  In  the  strictly  semiarid 
districts  it  usually  ripens  earlier  than  other  spring  wheats.  This 
allows  the  wheat  a  greater  chance  to  escape  insect  and  fungous  pests 
and  thus  insures  a  plumper,  finer  kernel.  (2)  Freedom  from  rust 
and  smut  is  still  furiiher  insured  by  the  natural  resistance  of  this 
wheat  to  the  attacks  of  such  fungi.  The  importance  of  smut  resist- 
ance in  the  fields  of  the  ]>I^orthwest  is  manifest  to  those  who  are  aware  - 
of  the  great  damage  to  wheat  from  this  cause  in  that  region.  (3)  Hard 
spring  and  winter  wheats  are  known  to  produce  a  harder,  better  grain 
in  the  drier  districts  and  in  dry  seasons.  Durum  wheat,  being  par- 
ticularly adapted  to  such  conditions,  alwaj-s  fumiabeB  an  excellent 
hard  grain  without  a  corresponding  decrease  in  yield.  (4)  Accom- 
panying this  drought  resistance  and  hardness  of  grain  is  a  correspond- 
ing increase  in  the  quantity  and  quality  of  the  gluten."  (S)  In  the 
analyses  of  flour  and  bread,  given  on  another  page,  it  is  shown  that 
the  sugar  content  of  durum  wheat  is  considerably  greater  than  that 
of  other  wheats.  Even  a  small  percentile  of  difference  in  this 
respect  is  of  great  importance  to  the  baker  during  a  year's  operations. 
(G)  The  extreme  dryness  of  the  durum  wheat  grain  in  a  good  season  * 
gives  the  flour  a  great  power  of  absorption,  which,  other  conditions 
being  equal,  allows  the  baker  to  obtain  more  loaves  from  the  same 
weight  of  flour,  and  in  some  cases  would  thus  give  this  wheat  a  great 
advantage  over  other  wheat  flours  of  less  absorption. 

THE  ITAME  "DUBim." 

Durum  wheat  is  generally  known  in  this  country  as  macaroni 
wheat.  It  is  now  a  matter  of  regret  that  this  name  was  used.  It  was 
first  employed  in  publications  of  this  Department,  chiefly  because  of 
the  fact  that  no  other  wheat  will  make  flrst-class  macaroni.     It  was 

iTfae  results  of  ezperimenta  with  different  flonn,  ducnsBed  elsewhere  in  this 
bnlletin,  do  not  ehow  any  particnlar  snperioritj  for  tluB  wheat  over  others  in  this 
respect,  but,  as  there  explained,  the  flonrs  ezammed  were  those  of  wet  seasons, 
which  axv  especially  injorions  to  danun  wheat. 

^It  ahonld  be  explained  that  a  good  season  for  dnrtun  wheat  may  be  a  poor  one 
for  ordinary  wheat.  Within  extreme  limits  the  drier  the  Beaaon  the  better  it 
is  for  this  wheat,  while  nQosnal  moietnre,  especially  great  hnmidity,  is  very 
disastrons. 
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deemed  sufficient  at  first  to  establish  its  commercial  value  on  this 
basis  alone,  and  its  use  for  bread  was  not  then  urged  by  ttio  Depart- 
ment. The  results  of  milling  and  baking  operations  of  the  last  two 
years,  however,  have  so  changed  the  status  of  the  wheat  that  it  now 
seems  qnite  desirable  todiscard  the  name  "macaroni,"  for  the  follow- 
ing reasons:  (1)  It  is  quite  misleading,  as  durum  wheat  is  now  known  to 
make  excellent  bread  as  well  as  macaroni;  and  (2)  it  is  not  a  general 
name;  in  fact,  is  not  nsed  outside  of  this  country,  except  very 
recently  in  Canada  and  Australia.  It  is  therefore  recommended  and 
orged  that  grain  dealers,  inspectors,  and  all  others  concerned  use  the 
name  "durum"  instead  of-  "macaroni."  The  word  "durum"  means 
JMrd,  and  is  therefore  very  appropriate,  and  it  is  universally  known. 
Many  farmers  will  no  doubt  petBist  in  using  the  name  "  macaroni,"  but 
the  name  "durum"  will  usually  be  understood  by  them.  For  a  time 
the  name  "macaroni"  might  be  used  parenthetically  until  the  name 
"durxun"  becomes  more  familiar, 

DTIBTJIC  WHSAT  FOR  KAOABONI. 

While  the  durum  wheat  can  not  be  correctly  considered  as  simply 
a  macaroni  wheat,  yet  it  should  be  kept  in  mind  that  no  other  wheat, 
except  perhaps  Polish,  will  make  good  mararoui.  There  are  two 
chief  reasons  why  Americans  do  not  eat  several  times  as  much  maca- 
roni as  at  present:  (1)  It  is  usually  not  made  from  the  proper  kind 
of  wheat  and  (2)  It  is  rarely  prepared  properly  in  the  kitchen.  The 
former  is  probably  the  more  important  reason.  It  is  as  easy  to  make 
typical  Minneapolis  flour  from  California  wheat  as  it  is  to  make 
first-class  macaroni  from  other  than  durum  wheat.  It  is  a  common 
error  to  suppose  that  the  .excellence  of  Italian  macaroni  is  due  simply 
to  the  methods  of  manufacture  employed  by  Italians.  The  real  rea- 
son for  this  excellence  is  that  only  durum  wheat  is  used,  though  it  is 
true  that  the  methods  employed  are  occasionally  superior  to  those  of 
many  American  factories. 

CHAKACTKRI3TIC8  OP  GOOD  JIACARONl. 

The  principal  characteristics  of  good  macaroni  and  those  which  dis* 
tingnieh  a  product  of  true  durum  wheat  from  that  which  is  made  from 
ordinary  wheat  are  as  follows:  (1)  It  must  have  a  rich  yellow  color, 
at  the  same  time  without  any  application  of  artificial  coloring  matter; 
(2)  it  must  be  translucent  or  almost  transparent ;  (3)  the  sticks  should 
permit  of  considerable  bending  without  breaking;  (4)  the  macaroni 
should  be  able  to  retain  its  firmness  after  at  least  twenty  minutes  in 
boiling  water;  (5)  when  served  at  the  table  it  should  not  bo  flabby  nor 
pasty;  (6)  it  should  not  be  soft  and  doughy  when  eaten,  but  should 
remain  firm  in  consistency.  Of  course,  the  attainment  of  these  quali- 
ties wiU'  depend  to  some  extent  upon  the  methods  of  manufacture  of 
either  the  semolina  or  the  macaroni,  or  both,  but  it  is  always  mainly 
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dependent  upon  the  kind  of  wheat  employed.  As  all  food  grains 
contain  an  abundance  of  starch,  the  comparative  nutritive  value  of 
different  kinds  of  macaroni  or  of  macaroni  made  from  different  kinds 
of  wheat  will  depend  chiefly  upon  the  proteid  content;  but,  as  in  the 
case  of  bread  making,  it  must  be  i-emembered  that  the  quality  as  well 
as  the  qnantity  of  gluten  is  of  great  importance. 

The'  following  series  of  analyses  made  by  the  Bureau  of  Chemisti-y 
of  this  Deiwrtment  will  give  some  information  on  the  comparative 
percentile  of  proteids  in  macaroni  from  diflferent  wheats.  It  will  be 
seen  that  the  highest  percentage  of  proteid  is  found  in  the  macaroni 
produced  from  durum  wheat. 


Table  l.—Analyaeaof: 


i  produced  from  different  wheats:  results  expreaied 
a»  percentaget. 


1 
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PROCESS   OF   MANUFACTURE. 

Though  the  kind  of  wheat  employed  is  by  far  of  the  greatest  impor- 
tance, yet  the  process  of  inanufactiire  iu  most  of  the  factories  of  this 
country  is  very  unsatisfactory,  and  there  is  no  doubt  that  very  much 
better  results  would  be  obtained  by  the  emplojTnent  of  better  methods. 
There  are,  of  course,  two  processes,  viz,  (1)  the  manufacture  of  the 
semolina  and  (2)  the  making  of  the  macaroni,  and  it  is  important 
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that  proper  methoda  should  be  employed  in  each  case.  The  chief 
defect  in  American  methoda  is  in  the  manufacture  of  the  semolina, 
and  this  consists  mainly  Jn  very  imperfect  operations  with  the  bolting 
cloth.  Several  of  the  finer  products  should  be  screened  out  and  the 
particnlar  grade  of  semolina  intended  for  macaroni  should  be  very 
ranch  coarser  than  is  ordinarily  furnished  by  the  mills;  in  fact,  the 
production  of  a  proper  grade  of  semolina,  now  that  the  proper  wheat 
is  in  cultivation,  is  practically  the  only  requisite  in  this  country  for 
the  production  of  the  very  best  macaroni  that  can  be  made.  It  must  be 
said  that  several  of  the  millers  of  this  country  have  spent  much  time 
and  money  in  an  endeavor  to  improve  their  milling  operations  in  this 
respect,  and  have  already  made  considerable  progress.  The  reader 
is  referred  to  Bulletin  No.  20  of  the  Bureau  of  Plant  Industry,  enti- 
tled "  Manufacture  of  Semolina  and  Macaroni,"  for  detailed  descrip- 
tions of  proper  methods  of  manufacture  of  both  semolina  and  maca- 
roni. It  is,  of  course,  to  be  expected  that  in  time,  when  very  mnch- 
more  of  the  durum  wheat  shall  be  employed,  milling  operations  will 
become  much  more  perfect. 

It  has  been  affirmed  in  recent  years  and  it  is  the  general  supposi- 
tion that  the  consumption  of  macaroni  in  this  country  has  consider- 
abl}'  increased.  It  would  be  of  much  interest  to  learn  the  actual  facts 
bearing  on  this  question;  but  the  statistics  of  the  census  are  furnished 
only  every  ten  years,  and  it  is  now  necessary  to  wait  for  another  cen- 
sus before  it  can  be  determinfid  whether  there  has  been  any  increase 
in  the  last  few  years,  since  the  last  census  covered  the  production  of 
1899.  The  Treasury  statistics  on  the  importation  of  foreign  macaroni 
are  available  every  year,  and  of  coui-se  these  figures,  added  to  our 
own  yearly  production,  would  give  practically  the  total  consumption 
in  this  country,  as  there  is  very  little  export. 

By  the  courtesy  of  the  Bureau  of  the  Census  of  the  Department  of 
Commerce  and  Labor  special  nnpubliahed  sheets  have  been  furnished 
from  which  approximate  statistics  on  the  production  of  macaroni  in 
1899  have  been  compiled.  The  entire  production  for  that  year  of  the 
factories  which  returned  reports  to  the  Bureau  was  15,193,774  pounds, 
having  a  wholesale  value  at  the  warehouse  where  produced  of 
$1,494,272,  It  is  known  to  the  Department  of  Agriculture  that  three 
or  four  of  the  largest  factories  In  the  United  States  made  no  returns. 
Several  others,  of  coarse,  may  not  have  reported,  but  probably  very 
few.  The  figures  above  given  are  therefore  minimum  figures,  but  the 
correct  amount  in  each  case  would  probably  not  be  very  much  more. 

As  it  will  no  doubt  be  a  matter  of  considerable  interest  commer- 
cially, it  is  thought  well  to  publish  a  list  of  all  the  macaroni  factories 
in  the  United  States  so  far  known  to  this  Department.  This  list  fol- 
lows, with  the  addresses  of  the  factories.  There  are  possibly  a  half 
dozen  or  more  factories  not  included  in  the  list,  but  it  is  probably 
fairly  complete. 
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LIST   OF   MANUFACTURERS   OF  MACARONI   IX  THE   UNITED   STATES, 

CAUPORNIA. 

Loa  Angeles: 

California  Maoaroni  Company.  380  Alino  ntreet. 

Eahn-Beck  Company,  407  Aliso  etreet. 
Oakland: 

Swiss-Italian  Paste  Comjiany,  J13  Fifth  street. 
Sa<;rameato: 

Fuppiani  &  Co.,  1115  Second  street. 
San  Francisco: 

Arata  Broa. ,  325  Broadway. 

California  Italian  Paste  Company,  :)47  Sacramento  street. 

Celli.  JohnB.,  S  Margaret  place. 

Coloutbns  Past*  Company,  42.'i  Jackson  street, 

CimeoBros.,  511  Green  street. 

Landncci  &  Co.,  1423  Kearney  street. 

Martinoni  Sc  Podesta,  513-514  Washington  street. 

Mattencci,  F.,  SE  Co.,  411-413  Francisco  street. 

Hnsto,  0.  E.,  &  Co.,  Tftl-TOT  Battery  street 

Nnnsiato,  L.,  415  Broadway. 

Faravagna,  Giacoma.  1  Vulcan  lane. 

San  Francisco  Paste  Company,  704  Sansome  street. 

Smarlo  &  Grego,  810  Battery  street, 

SoBMO,  Henry  G.,  1313  Dupont  street. 

SpliTalo,  C,  R.,  &  Co.,  307  Battery  street. 

Valente,  Loigl,  214  Broadway. 
San  Jose: 

Baiocchi,M.,&Co. 

Prola,  J. 

Ravenna  Paste  Conipany. 

San  Jose  Italian  Pasta  Company. 


Denver; 

MazEa,  F,,  &  Co.,  337  Oerspacli  avenne. 

Western  Union  Macaroni  ManafactarinK  Company,  )(6fi4-86SS  Bell  street, 
comer  West  Thirty-seventh  avenne. 
Starkville: 

Scavarda  Paste  and  Sausage  Factory. 
Trinidad: 

Casa.  Joseph, 

J>KL.\W.tEK. 
Wilmington: 

Union  Macaroni  Compaiiy,  LIH)  East  Fifth  street 

Chicago: 

Canepa,  John  B. 

Meyers  Brother.-t  Stacaroul  Company  (new). 

Nati<raal  Macaroni  ComiHmy.  M  La  Salle  street 
Braid  wood : 

RosHi,  Peter. 
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IOWA. 

DaveDport: 

Crescent  Hacaroni  Company,  comer  Fifth  and  Iowa  streets. 

New  Orleans; 

Bertoleti,  Dominick,  1200  Cliartrett  street 

Cnaunano,  J.,  019  St.  Philip  street. 

Federico,  L..  &  Bro..  1000  Chartres  street. 

Oensler,  Philip,  S20  Conti  street. 

Gaercio,  S.,  &  Co.,  310  Rampart  street. 

Impastato,  Giuseppe,  610  Dnmaine  street. 

Impastato,  V.,  &  Co.  (Limited) ,  400  HsK^^ine  street. 

Mathes,  Lonis,  &  Co.,  173U  St.  Charles  avenne. 

Heaaina,  3.,  Haoaroni  Manufacturing  Company  (new). 

Perea,  Francois,  S21  St.  Louis  street. 

Sambola  Italian  Paste  Factory  (Limited),  0(12  St.  Peter's  strtiet. 

Spicnzza  &  Valenti,  737  Ursnline  street. 

Torre,  J. ,  &  Bro. ,  429  Decatnr  street 

KARYI.AND. 

Nocitra,  L.,  &  Co.,  S16  Ensor  street 

H  AKS  ACH IIBKTTH. 

Boston: 

Ficino  &  Lairdino,  21  Chatham  street. 
Hayes,  Jamea  A.,  &  Co.,  9-11  Commercial  street. 
Jannini,  Cresenzio  &  Co.,  101  Maverick  street. 
Terrile,  P.,  283  Commercial  street. 
Vesce  &  Capodilnpo,  317  North  street. 

MICHKtAX. 

Detroit: 

Marvelli  Company,  The,  115  Larned  street  West. 
Puntiac-Peninsnla  Macaroni  Company  (new). 
Schmid,  A.  J.,  407  Elmwood  avenoe. 


Minneapolis: 

Hinncapolix  Macaroni  Factory,  St  Centml  iivenne, 

St.  Paul: 

Minnesota  Macaroni  Com|inny.  42  East  Isabel  street 
Vermicelli  and  Macaroni  Company,  The. 


Kansas  Ci^: 

Baker  Mannfactnring  Company.  ^28  Walnnt  street. 

Gargotta,  Joseph,  &  Son,  5<H)  East  Third  street. 
St.  Louis: 

Capnano,  Dsmiano,  923  North  Eighth  street. 

Catanzaro,  Joseph,  824  North  Eighth  street 

Gandolfo-Ghio  Mannfacturing  Company,  104  Sonth  Eighth  street 

Eappea,  Erwin,  614  Jnlia  street. 

Manll,  Chas.,  Macaroni  Company,  7  North  Se(:r>nil  street. 

Stobie  Cereal  Mills,  711  North  Second  street. 
4876-No.  70-01 2  r-  I 
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Imperial  Paste  MaTmfactnring  and  Mercantile  Companr- 

NEW  JBBSEY. 

Jcmey  City:      , 

Hneller.  C.  F.,  &  Co.,  03  Boyd  avenne. 
Newark: 

Fello,  RoSalbe.  130  Seventh  avenue. 

Geroot,  Michael,  137  Seventh  avenne. 

Maulano,  Franceeco,  45  Sheffield  street. 

Sapniolo,  Vincenzo,  23  Adam  a  street. 
Vineland: 

D'Ippolito,  G.  B,,  620  Cherry  street. 

KEW  TORK, 

Brooklyn: 

Caatxnccio,  A.,  &  Sons,  06  Sackett  street. 

Romeo,  F.,  &  Co.,  25-27  Carroll  Btreet, 

Savareee,  V.,  &  Broa.,  W  Irviiig  street. 

Zerega'a  Sons,  A.,  GI  Front  street. 
Bntfalo: 

Amigona,  Nicholas,  103  Main  street. 

Antoniazzi,  Charles.  161  Seneca  street. 

BnSalo  Macaroni  and  Vermicelli  Works,  137  Broadway. 

Carmelo,  Manzella,  243  Court  street. 

Catalano,  Pietro,  32  State  street. 

Gnarina,  Frank,  280  Terrace  street. 

Gngino  BrotiierH,  107  Wilkeson  street. 

Onetto,  Louis,  137  Broadway. 
New  York: 

Atlantic  Macaroni  Company.  West  Twenty-first  street,  between  Tenth  and 
Eleventh  avennes. 

Columbia  Importing  and  Mannfactaring  Company,  138  Jane  street. 

Goodman,  A.,  &  Sons,  ^iA  East  Sevent^nth  street. 
Syracuse: 

Hotaling- Warner  Company.  The,  4IB  Tracy  street. 
Utica: 

Central  Macaroni  Company. 

Italian  Macaroni  Company. 

OHIO. 

Chardon; 

Chardon  Macaroni  Company. 
Cincinnati: 

Foulds  Milling  Company,  1225  Bndd  street. 

German  and  American  Pare  Food  Company,  1404  Walnut  street. 

Boutspohler,  A.  H.,  Company,  114  West  Court  street. 

Schwinn,  J.  S.,  Company.  1010  Kace  street. 

Wuerdemann  Company,  The,  431  East  Pearl  Btreet. 
Cleveland: 

Cleveland  Macaroni  Company,  The,  1  Shaw  street. 

Catalano.  Maria  C,  1.'5  ScovjU  avenne. 

De  Nicola  &  Co.,  66  Hill  street. 

Di  Franco,  Antonio,  44  Brandon  street. 

French  Delicacy  Company,  56  Frankfort  street. 
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Cleveland— Ccm  tinned. 

Geracio,  Qaetono,  124  Woodland  avenne. 

Pfaffman  Egg  Noodle  Company,  278  Seneca  street. 

Rosso,  G.,  &  Co.,  04  Coltman  street. 
Colombna: 

Ingram,  W.  H.,  170  King  avenne. 
Yonngatown; 

Yonngstown  Macanmi  Company,  103  South  Watta  Btreet. 


Portland: 

Colombo  Paste  Company. 
Pacific  Coast  Biscnit  Company. 

PE1NN8YLVANIA. 

Carnegie:. 

Bid,  Ernesto. 
Philadelphia: 

Ackerman.  Bndolpb,  1861  Germantown  avenne. 

Cini  &  Tasca,  933  Sonth  Tenth  street. 

Coneo,  Frank,  801  Chiiatiana  street. 

De  Angelis,  R.,  &  Co.,  915  Sonth  Seventh  street. 

De  Cecco,  Giuseppe,  4382  Germantown  avenne, 

Di  Cnglielmo,  Louis,  804  South  Siith  street. 

Di  Napoli,  Antonio,  "41  South  Seventh  street. 

Gnano  &  Baggio.  834  South  Seventh  street. 

Italian  Steam  Mannfactnring  Company.  1031  South  Ninth  street. 

Krumm,  A.  C,  &  Son,  1012  Dakota  street, 

Lanfer,  Anton,  2333  North  Second  street. 

Mamarella,  Gaetano,  iaO,'>  Sonth  Ninth  street. 

Pataueo,  Peter,  725  Carpenter  street. 

Ricchezza  &  Vema,  1021  South  Ninth  street  and  804  Kimball  street, 

Sassa,  Joseph,  813  Carpenter  street. 
Pittsbnrg: 

Piccardo,  B. ,  185  Forty-first  street. 

Plnmlield.  Harecial,  4520  Laurel  street 
Scranton: 

Caasesee  Brothers,  09  Lackawanna  aventie. 

TENNESSEE. 

3  Hain  street. 

TEXAS. 
Dallas: 

Carlisi  &  Taibbi,  358-262  Live  Oak  street. 

Dallas  Grand  Macaroni  Factory. 
Galveston: 

Te^as  Star  Macaroni  Factory,  G.  Martinelli  &  Co.,  3014  Twenty-eighth  street, 
Houston: 

Honaton  Macaroni  Company,  F.  Bonno  &  Bro.,  114  Preston  avenne. 

Manno,  Fran,  516  Uilam  street. 
San  Antonio: 

Battaglia  &  Co. 

Mesa,  F.,  106  Eessler  street. 

Saladiuo,  A.,  238  Salinas  street. 

San  Antonio  Past«  Works.  ^-,  , 
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Seattle: 

Ghiglione.  A.  F.,  &  Sons.  3;il8  First  avenue. 
Tacoma; 

Mdrtinolich,  J.  C. ,  North  Thirty-Becond  street,  between  Oakes  and  Pine  streeta, 

WISCONSIN. 

Milwaukee: 

Lorenz  Brotliers  Macaroni  Conipany . 

POSSIBILITY    OF   EXPORT   OF  SEMOLINA   AND   MACARONI. 

The  amount  of  macaroni  imported  into  the  United  States  averHt^es 
somewhere  near  18,0(X1,000  pounds  per  annum.  Comparing  this  with 
the  minimum  figures  on  domestic  production  previously  given,  it  is 
seen  that  our  annual  production  of  macaroni  is  very  nearly  the  same 
as  oiir  annual  import.  A  fancy  price  is  nearly  always  paid  for  the 
imported  macaroni,  an<l  yet  the  domestic  macaroni  should  he  just  as 
good  wlien  made  from  the  proper  wheat.  There  is  often,  it  is  true,  a 
lack  of  pi-oper  methods  of  manufacture  of  the  semolina,  but,  as  before 
stated,  several  American  mills  are  already  making  rapid  i>rogress  in 
that  regard.  Given,  therefore,  a  large  production  of  the  durum 
wheat  there  is  every  prospect  of  a  future  production  of  macaroni  at 
least  eqiial  to  the  home  demand,  and  probably  a  sufficient  quantity 
for  a  good  export  trade  before  many  years  have  passed. 

The  United  States  has  a  large  export  flour  trade,  and  there  is  appar- 
ently no  good  reason  why  there  should  not  also  i>e  a  good  export  trade 
in  macaroni,  ihit  the  commercial  value  of  the  wheat  is  of  course  not 
limited  to  the  mere  manufacture  of  macaroni.  The  macaroni  manu- 
facturer stands  in  the  same  relation  to  the  semolina  manufacturer  as 
that  borne  by  the  baker  toward  the  miller.  An  export  trade  to  cor- 
respond with  that  of  bread  flour  should  therefore  be  an  export  of 
semolina  rather  than  of  macaroni.  The  semolina  manufacturers  of 
France,  who  fnmish  a  large  proportion  of  the  semolina  for  European 
macaroni,  are  obliged  veiy  largely  to  import  their  wheat.  The  mills 
of  this  country  would  therefore  have  the  advantage  in  tlwt  respect, 
at  least  over  the  French  semolina  millers,  and  ought  to  be  able  to 
compete  very  sharply  with  tlie  French  mills  in  supplying  the  numer- 
ous macaroni  factories  of  Italy  with  semolina. 

METHODS   OF   COOKING  AND   SERVINI!   MACARONI. 

It  is  a  common  experience  that  wliile  macaroni  is  often  mentioned 
on  hotel  bills  of  fare,  a  large  percentage  of  the  guests  of  these  hotels 
seldom  taste  it.  As  has  already  been  stated,  one  of  the  reasons  for 
this  condition  is  the  general  ignorance  throughout  this  country  of  the 
projier  methods  of  preparing  and  serving  macaroni.  The  most  com- 
mon form  in  which  macaroni  is  served  in  this  country  is  a  very  white, 
pasty,  doughy  mass  of  the  sticks,  served  in  dilute  tomato  sauce.  The 
most  enthusiastic  lover  of  macaroni  would  have  very  little  if  any- 
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thing  to  do  with  a  dish  of  that  Icind.  Of  course  it  is  likc^ly  to  Ih) 
served  in  a  little  hetteroondition  on  the  tallies  of  private;  faniilivK, 
but  even  then  there  is  rarely  much  variation  in  preparation  fi-om  tlio 
method  ahove  described.  It  is  little  wonder,  therefore,  if  there  an' 
very  few  eonvertw  from  year  to  year  to  the  use  of  macaroni  as  a  food 
in  their  own  homes. 

There  are  of  course  numerous  methods  of  preparing  mai-Aroni  for 
the  table,  just  as  in  the  ease  of  the  preparation  of  any  other  food,  hut 
there  is  no  doubt  whatever  that  many  of  the  very  best  methods  are 
wholly  unknown  to  most  Americans.  Naturally  many  of  tht'sc  meth- 
ods are  only  used  in  foreign  countries,  whore  macaroni  is  a  m  uch  more 
common  food  than  in  the  United  States.  Many  reciix's,  howt'vor,  are 
to  be  found  in  the  best  cookbooks  of  tliis  ooimtr^',  which,  if  widely 
followed,  would  at  once  give  an  impetus  to  the  use  of  Ihis  foml  by  the 
American  ptKiple. 

With  the  hope  of  helping  to  make  macaroni  a  much  more  al tractive 
food  and  of  inducing  the  people  to  eat  it  niucrli  more  generally,  there 
are  reproduced  here  from  various  sources  a  number  of  soloctcfd  recipes 
for  preparing  tliis  food,  which  seem  to  be  the  1>est  or  among  the  best 
out  of  several  hundred  that  have  l>een  as  carefully  invesligate<l  as 
possible." 

In  order  to  make  the  list  of  recipes  more  convenieut  for  reference 
it  is  classified  rather  roughly  under  the  headings,  viz,  semolina,  soui>s, 
macaroni  with  cheese  or  milk,  macaroni  with  tomatoes,  macaroni  with 
meats,  macaroni  with  nuts,  timbales,  cro(iuett4.»s,  garnitures,  simghetti, 
salads,  desserts,  special  Italian  recipes,  and  miscellaneous.  Ono  nott's 
at  once  the  interesting  fact  that  several  x>alatable  dishes  may  be  pre- 
pared from  the  semolina  itself,  and  as  true  semolina  jn-oduced  from 
durum  wheat  has  not  heretofore  been  made  in  this  country  (and  is 
not  even  now  produced  to  perfection)  and  has  never  been  imimrtcd, 
these  will  prove  to  be  practically  new  dishes.  Noodles  is,  in  a  way, 
a  kind  of  macaroni,  but  being  more  commonly  known  and  so  often 
made  from  various  kinds  of  flour,  even  the  finest  of  patent  flour, 
dishes  prepared  from  noodles  are  not  included  in  these  recipes. 


"Asidft  tTOta  other  BonrceH.  in  selecting  these  recipes  the  chief  authorities  con- 
flalt«d  are  as  follows,  viz:  CollectioDS  of  reciiiea  by  the  Foulds  Milling  Company, 
the  Minnesota  Macaroni  Company,  and  the  Marvelli  Macaroni  Company;  French 
Cookery  for  English  Homes,  compiled  by  Wm.  Blackwood  &  S">n8;  Mrs,  Lam- 
bert's Guide  for  Nnt  Cookery;  Marion  Harland's  Complete  Cookliook:  Gesine 
Lemcke's  Earopean  and  American  Cuisine;  Delia's  Franco-American  Cookery 
Book,  and  Francatelli'e  Modem  Cook. 
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minntea.  Remove  the  etewpan  from  the  fire;  pnt  in  a  piece  of  butter  the  size  of 
an  egg.  ii  yolbn  of  eggs,  1  whole  egg,  the  chopped  rind  of  a  lemon  or  orange,  a 
handful  of  entrants,  and  a  liquor  glass  of  kirsch.  Pour  this  paste  on  a  cake  tin 
■which  has  been  moistened  with  water;  spread  the  paste  to  the  thicknesa  of  i  inch. 
When  it  is  cold  divide  it  into  aqnarea,  or  in  rounda,  with  a  paste  cutter;  pass  these 
through  2  beaten  eggs,  then  into  bread  crumbs,  and  plunge  them  in  boiling  fat 
nntil  they  take  a  good  color. 

Cold  nemoliiia  pudding.— HqQ  1  quart  of  milk  with  a  piece  of  thin  lemon  rind 
(the  rind  mnst  be  cut  so  thin  that  not  a  morsel  of  the  whit«  undeTakin  attaches 
to  it),  3i  onnoee  of  sngar,agrain  of  salt,  and  3  ounceaof  freahbutt«r,  Assoonas 
it  boils  sprinkle  into  it  3J  ounces  of  aemolina,  stirring  all  the  time  with  a  wooden 
apoon.  When  it  has  boiled  2  minutes  draw  it  on  one  aide  of  the  stove  and  let  it 
simmer  for  T  or  8  minutes.  In  the  interval,  moisten  the  inside  of  a.  mold  with 
cold  water  (a  salad  bowl  will  do  as  well  v^  a  mold) ;  poar  in  the  semolina  after 
having  taken  out  the  lemon  rind.  This  pndding  is  eaten  cold,  and  is  best  with 
gooseberry  saace,  but  any  fruit  sirnp  can  be  aerved  with  it. 

Gooxeberry  sauce  for  tlie  abotv. — Put  iu  a  stewpan  1  pound  of  ripe  red  goose- 
berries; cmah  them.  When  they  boil  pass  them  through  a  hair  sieve.  Boil  the 
liquid  2  or  3  minntea  with  3i  ounces  of  white  crushed  sugar  and  a  wineglassfnl  of 
wat«r.    Let  it  get  cold. 

Semolina  sovffii.—Boil  1  pint  of  milk  with  i  pound  of  vanilla  sugar  and  a  grain 
of  salt.  When  it  boila  drop  in  gradually  1 J  ounces  of  flnosemolina,  stirring  contin- 
ually with  a  wooden  apoon;  let  it  Coot  for  8  or  10  minutes;  add  1)  ounces  of  fresh 
Initter.  Pour  the  mixture  into  a  basin;  mbc  it  with  S  yolks  of  eggs.  Beat  up  the 
5  whites  to  a  firm  froth;  add  them  gently  to  the  semolina.  Pour  all  into  a  mold 
which  has  been  battered;  bake  for  25  minntea  in  the  oven.  Serve  sprinkled  with 
powdered  sugar. 

Semolina  soup. — Throw  3i  ounces  of  semolina  into  2i  quarts  of  boiling  soup, 
stirring  all  the  time.  Semolina  should  be  thrown  in  like  falling  rain.  Let  all 
cook  15  minutes.     Serve  with  grated  cheese. 

Tfiick  semolina  soup. — Prepare  the  soup  exactly  as  above;  then  beat  up  the  yolks 
of  2  eggs  with  1  teacupful  of  cream;  add  little  by  little  to  the  warm  soup;  serve 
at  once. 

Croquettes  of  semolina. — Boil  a  quart  of  white  broth  with  salt  and  an  ounce  of 
butter;  drop  gently  about  1:!  ounces  of  semolina,  stirring  all  the  time;  stir  5  min- 
utes longer;  add  4  egg  yolks  and  turn  into  a  small  buttered  dish  to  cool;  divide 
in  about  a  dozen  oblong  pieces;  sprinkle  with  dry  crumbs;  dip  in  beaten  eggs  and 
roll  in  fresh  crumbs;  fry  to  a  nice  color  and  serve  on  a  folded  napkin. 


Macaroni  soup.— To  1  qioart  of  stock  brought  to  a  boil  add  i  pound  boiled  maca- 
roni cut  into  fine  [lieces;  season  with  salt  and  pepper  and  pour  into  a  tureen. 

Vermicelli  s  -up. — Bring  to  a  boiling  point  3  quarts  of  soup  stock;  add  4  ounces 
of  vermicelli  and  boil  bard  for  SO  minutes;  season  with  pepper  and  salt  and  serve 

jUncoro 111  H(j«jj.— Cook  1  ounce  of  macaroni  in  boiling  water  ftir  20  minutes: 
drain  and  cut  into  little  rings:  bring  1  quart  of  stock  to  the  boiling  point;  add  the 
macaroni  and  l^t  simmer  for  S  minutes;  salt  and  pepper  to  taste. 

Macaroni  A  la  Calabraiw.—Taike  8  ripe  tomatoes,  press  the  water  out  and  chop 
them  fine;  melt  in  a  saacei)an  S  onnces  of  butter,  with  a  chopped  o:.ion  and  4 
ounces  of  finely  sliced  raw  ham;  fry  slightly  brown;  add  the  tomatoe.i,  a  clove  of 
garlic,  jiepper,  and  a  bunch  of  parsley;  fry  a  little  longer;  moisten  wifhhalf  a  pint 
each  of  Fspagnule  or  brown  sauce  (or  any  good  meat  sauce  that  may  be  more  con- 
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vettient)  &iul  beef  broth;  boil  ISminntesand  strain  with  preaaure  throogb  a  sieve; 
ImiI  half  a  pound  of  macaroni  in  salted  water  for  20  minutes;  drain;  put  in  a 
saacepan  with  4  ounces  of  butt«T  in  small  bits,  pepper,  and  nutmeg:  mix  well; 
put  by  layers  in  a  large  bowl  or  deep  buttered  dish,  alternating  each  layer  with 
grated  Parmesan  cheeee  and  saace,  finishing  with  cheese  and  .'(  ounces  of  very  hot, 
clarified,  and  nearly  browned  butter  ponred  over;  serve  with  3  quarts  of  rich 
beef  broth  separately  in  a  aonp  tureen. 

MACARONI  WITH  CHEESE  OK  MII.K. 

Boiled  ituiearoni  and  cheese. — Boil  a  iinarterof  a  jionnd  iif  macaroni  nntil  it  ia 
tender,  but  not  broken;  drain  off  the  water  and  cover  the  saucepan  to  let  it  dry; 
boil  together  I  pint  of  sweet  milk  with  half  a  pint  of  rich  cream;  cream  together 
1  teaspoonful  of  flonr  with  a  tablespoonful  of  butter  and  add  to  the  boiling  milk, 
Htirring  constantly  until  it  thickens;  add  a  teaspoonful  of  mixed  mustard;  put  in 
a  deep  dish  alternate  layers  of  macaroni,  cheese,  and  nauce  until  the  dish  is  tilled. 
Bake  half  an  hour.  Add  salt  and  pepper  to  the  sauce  just  before  removing  it 
from  the  fire. 

Baked  macaroni  with  ciiee»e. — Boil  6  onncea  of  macaroni  in  plenty  of  boiling 
salted  water  nntil  tender.  Wann  a  deep  pudding  dish  and  bntter  well;  plaie  in 
this  a  layer  of  the  macaroni,  then  a  layer  of  cheese  grated  or  cut  into  small  bits; 
sprinkle  over  this  salt  and  pepper  and  small  p:ei-es  of  bntter;  then  add  another 
layer  of  macaroni  and  cheese,  finishing  off  with  the  cheese;  ponr  over  1  cup  of 
rich  milk  or  cream  and  bake  three-quart*rs  of  an  hour. 

Macaroni  and  cheeae  d  I'Anglaise. — Take  i  pound  of  macaroni.  1  pint  milk,  i 
pint  veal  or  beef  gravy,  yolks  of  2  eggs,  4  tablespoonfnis  of  cream,  I  ounce  bntter, 
:t  ounces  grated  Parmesan  or  Cheshire  cheese.  Boil  tlio  macaroni  in  the  gravy 
and  milk  until  quite  tender  without  being  bn  ken;  drain  and  place  in  a  deep  dish. 
Beat  the  yolks  of  3  eggs  with  the  cream  and  2  tablespoonfnla  of  the  liquor  in  which 
the  macaroni  was  boiled;  make  this  sufficiently  hot  to  thicken,  but  do  not  allow  it 
to  bcil;  pour  it  over  the  macaroni,  over  which  sprinkle  ,ho  grated  cheese  and  the 
bntter  broken  into  small  pieces.  Brown  with  a  salamander  or  before  the  fire,  and 
serve.  Do  not  brown  in  the  oven,  as  the  bntter  would  oil  and  so  impart  a  very 
disagreeable  flavor  to  the  dish.  Time,  one-half  to  three- fonrths  hoar  to  boil  mac- 
aroni, 5  minntes  to  thicken  eggs  and  cream,  'i  minutes  to  brown. 

Macaroni  in  cheese  thelL—BTenic  macaroni  into  3-inch  lengths,  and  boil  for  at 
least  30  minntes  in  boiling  water,  well  salted;  then  cut  in  pieces  not  over  i  inch 
long.  Haveready  a  cheese  shell,  one  which  has  had  the  chi>ese  thoroughly  scooped 
ont.  These  shells  are  frequently  thrown  away ,  and  they  make  very  nice  receptacles 
for  the  serving  of  macaroni.  Stand  the  shell  on  a  piece  of  waxed  paper,  and 
this  in  a  baking  pan,  Pnt  3  tablespc  onfnls  of  butter  and  2  of  flour  in  a  sauce- 
pan; mix  and  add  a  pint  of  milk;  stir  until  boiling;  add  the  ciild  mai:aroni  iind 
stir  over  the  fire  until  it  is  jnst  heated  throngh;  ad<l  a  teaspoonful  of  salt  and  a 
BaltspDonful  of  pepper,  and  pour  the  mixture  into  the  cheese  shell;  cover  with  a 
piece  of  greased  puper  and  mn  into  the  oven  for  IQ  minutes.  Lift  the  shell  care. 
fully,  putting  it  into  adainty  round  plate,  and  send  it  to  the  table.  This  imparis 
the  most  delicate  cheese  flavor,  and  also  makes  a  xiKhtly  dish.  If  the  shell  is 
carefully  cleaned  It  ntay  be  nsed  several  times.  If  baked  too  long,  it  will  l>e  soft 
and  fall  apart;  for  that  reason  the  macaroni  must  be  hot  when  poured  itito  the 
shell. 

Creamed  macaroni. — For  a  baking  dish  holding  3  pints  allow  j  pound  of  maca- 
roni. Have  your  kettle  partly  filled  with  boiling  salted  water;  throw  in  the 
macaroni  and  boil  at  least  30  minutes.  Drain  well,  and  turn  it  carefully  into  a 
baking  dish.    Pnt  into  a  saucepan  3  tablespoonfuls  of  butter  and  3  tablespoonfnls 
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of  floor;  mil;  add  Ij. pints  of  milk  and  stir  -ontil  boiling;  add  8  tableepoonfnla  of 
grated  PamieB&ii  and  1  cup  of  chopped  ordinary  American  clieeaa,  a  level  teaspoonf nl 
of  salt,  and  a  daata  of  red  pepper.  Pour  this  over  the  macaroni,  pnlling  it  apart 
so  that  the  sauce  may  go  to  the  very  bottom  of  the  dish.  Cover  the  top  with  a 
layer  of  cheese  and  then  a  layer  of  bread  cmmbs.  Stand  in  a  qnick  oven  near  the 
top,so  that  it  maybrown  without  being  unduly  cooked. 

Creamed  macaroni  on  toast. — Pat  1  rounded  tablespoonful  of  batter  and  1  of 
flonr  into  a  small  saocepan;  mii  over  the  fire  nntil  smooth;  do  not  brown.  Add 
i  pint  of  cream;  stir  until  it  boils;  take  from  the  fire  and  add  salt  and  pepper 
and  4  oances  of  boiled  macaroni,  chopped  fine.  Place  the  saacepan  over  boiling 
water  to  reheat.  Ponr  over  slices  of  battered  toast,  dnst  with  grated  cheese,  and 
servo  hot. 

MACARONI   WITFI   TOMATO KS. 

Macaroni  with  tomato  «ni«v.— Boil  6  onnces  of  macaroni  in  a  saucepan  of  boil- 
ing salted  wat«r;  let  boil  21)  minutes;  drain  in  a  colander.  Have  ready  the  follow- 
ing sauce;  Cook  1  qnart  of  tomatoes  for  1  hour,  then  strain;  add  to  this  jaice  1 
pint  of  clear  sonp,  1  dessertspoonful  of  sugar,  and  pepper  and  salt  to  taste.  Boil 
all  together,  and  while  boiling  cream  together  2  tablespoon fnls  of  bntter  and  2 
of  flonr;  add  to  the  sauce  and  stir  constantly  until  it  thickens.  Serve  the  maca- 
roni on  small  plates,  very  hot,  and  pour  over  it  the  aance  and  grated  Parmesan 
cheese. 

Macaroni  with  tomatoeg.— Boil  and  drain  i  pound  of  macaroni;  add  i  cup  of  cream 
.  and  ^  cup  of  bntter;  pepper  and  salt.    Let  it  simmer  for  a  short  time,  but  do  not 
let  the  macaroni  get  sticky.    Tnm  into  a  vegetable  dish,  pour  over  it  1  pint  of 
stewed  tomatoes,  season,  and  serve  hot. 

Tomatoes  stuffed  icilh  macaroni.— ^^iect  large,  firm  tomatoes;  cutoff  the  tops 
and  scoop  out  the  inside  pulp.  Do  not  peel.  After  sprinkling  the  inside  of  the 
tomato  shells  with  a  very  little  salt,  fill  with  cold,  boiled  macaroni,  chopped,  mix- 
ing cheese  with  the  filling.  Arrange  the  tomatoes  in  a  pudding  dish,  replace  the 
tops  after  strewing  cheese  on  the  macaroni  filling,  lay  a  cover  over  the  tomatoes, 
and  bake  half  a:i  hour. 

MACARONI  WITH  MKATS. 

Macarotii  with  rfnnis.— Chop  15  clams  very  fine,  drain  off  all  the  liquor,  scald 
and  skim  it;  add  1  sliced  onion,  a  very  little  salt  and  pepper,  and  simmer  10  min- 
utes. Put  in  another  sancepan  1  tablespoonful  of  bntter  and  1  of  flour;  when  melted 
and  bubbling  add  i  cup  of  rich  milk  and  atir  nntil  it  thickens;  stir  into  this  the 
clam  juice  and  cook  a  minute.  Fill  a  buttered  dish  with  alternate  layers  of  boiled 
macaroni  ()  pound)  and  clams,  making  the  top  layer  macaroni.  Pour  over  this 
the  sauce,  put  a  few  bits  of  butter  over  the  top,  and  brown  in  a  quick  oven.  Oys- 
ters may  be  snbstitnted  for  the  clams. 

Macaroni  with  esedlloped  chicken. — Take  equal  parts  of  cold  chicken,  boiled 
macaroni,  and  tomato  sauce.  I^t  in  layers  in  a  shallow  dish  and  cover  with  bnt- 
tered  crambs.  Bake  nntil  brown.  Any  cold  fowl  with  the  stuffing,  and  gravy 
may  be  used  in  the  same  way. 

Macaroni  and  ealmon. — Prepare  the  macaroni  as  follows:  I  cap  of  macaroni, 
broken  into  about  1  j-inch  pieces,  is  put  into  3  quarts  of  rapidly  boiling  water  in 
which  1  tablespoonful  of  salt  has  been  dissolved,  and  is  cooked  for  at  least  20 
minut«B.  It  is  then  drained  dry.  Melt  3  tahlespoonfule  of  butter  and  1  table- 
spoonful of  oil  from  the  salmon;  add  to  this  3  tablespoon fols  of  flonr,  and  cook 
thoroughly.  Then  add  1  pint  of  milk  and  cook  the  mixture  until  of  a  creamy 
consietency.    Arrange  the  macaroni  and  salmon,  of  which  a  l-ponnd  can  is  used, 
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iDlajetH.ponriiigapartof  the  Raace  each  timeover  theaalmon.  Season  with  8alt 
and  a  dash  of  cayenne  pepper.  Sprinkle  buttered  bread  cnunbB  over  the  top  and 
bake  until  bi  owned  on  tt^. 


Ifttcaront  and  jvanutx.^l  cnp  of  macaroni,  broken  intoabont  U-inch  pieces, 
\  pound  peanats.  I  pint  milk,  3  tableepoonf nls  flonr,  3  tablespoonfalBlintter.  The 
macaroni  is  pnt  into  2  qnarta  of  rapidly  boiling  water  in  which  I  tablenpoonfnl  of 
salt  has  been  dissolved,  and  ia  cooked  at  least  20  minr.tes.  It  is  then  drained. 
The  butter  is  melteil  in  a  pan,  the  flonr  added,and  thoroughly  cooked.  Then  the 
TTiiTV  ia  added  and  the  mixture  cooked  until  of  acreamy  consistency.  Salt,  pepper, 
and  the  grotind  peanuts  ar.;  next  added  to  the  cream  sauce.  Now  a  layer  of  the 
macaroni  is  put  in  a  baking  dish  and  a  layer  of  the  sauce  and  peanuts  is  poured 
on.  Then  another  layer  of  macaroni  and  then  more  cream  sauce  and  peanuts  are 
lued  until  the  materials  are  consumed.  Bntterert  cmmbs  are  now  placed  on  top, 
and  the  dish  is  placed  in  the  oven  nntil  browned  on  top. 


rfm&affso/mdorniii'.— Break  in  shnrt  lengths  1  ponnd  of  macaroni.  Cook  for 
S.'iminnteslnplenty  of  boiling  saltfrt  water;  dres^  it  with  butter  and  grated  cheese; 
then  work  into  thia  2  egge.  Butter  and  bread-crumb  a  plain  mold,  and  when  the 
,  macaroni  is  nearly  cold  fill  the  mold  with  it,  pressing  it  well  down  and  leaving  a 
hollow  in  the  cent«r,  Into  which  place  a  well-fiavored  mince  of  meat,  poultry,  or 
game;  then  fill  the  mold  with  more  macaroni,  pressed  well  down.  Bake  in  a 
moderate  oven  20  minutes;  turn  out  and  serve. 

Macaroni  timbali'. — Boil  macaroni  as  nenal  and  then  cut  it  into  strips  not  over 
I  inch  it)  length.  Line  a  melon  mold  with  these  little  pieces,  putting  the  cut  side 
next  to  the  mold.  The  mold  must  first  be  buttered  liberally  and  then  dusted  with 
bread  cruntbe.  This  will  hold  the  pieces  as  they  are  placed.  To  1  pint  of  meat 
add  i  cup  of  soft  bread  crumbs,  2  whole  eggs  slightly  beaten,  a  teaspoonful  of 
salt,  a  saltspoonfnl  of  pepper,  and  a  tablespoonful  of  grated  onion.  Pack  this 
carefully  into  the  mold;  cover  and  steam  for  1  hour.  Turn  out  carefully,  first 
loosening  the  timbale,  and  pour  around  either  a  cream  sauce,  bechamel  sance,  or 
tomato  sauce.  If  thia  dish  is  carefully  made,  with  the  mold  carefully  lined,  it  is 
most  appetiiring  and  sightly. 

Timbale  of  macaroni  with  clieene. — Hix  1  pint  of  finely  chopped  white  meat 
of  cbick«n  with  i  cap  of  chopped  ham;  add  3  tablespoon f nls  of  grated  cheese,  a 
level  teaspoonful  of  salt,  and  a  dash  of  pepper.  Beat  the  yolks  of  .'i  eg^  with  the 
whites  of  3  eggs;  add  i  pint  of  good  cream;  add  this  to  the  meat,  and  heat  care- 
fally.  stirring  constantly.  Then  mix  i  pound  of  boiled  macaroni  that  has  been 
cut  into  small  lengths;  turn  at  once  into  a  mold  and  steam  1  hour.  This  may  be 
Kerved  with  either  tomato  or  cream  sauce. 

CEOQUETTES. 

Macaroni  croquetttK. — Boil  j  pound  of  macaroni  in  salt«d  boiling  water  20  min- 
utes and  drain.  Butter  timbale  molds  and  line  with  macaroni,  reserving  3  long 
sticks,  and  chop  the  remainder  fine;  mix  with  J  saltepoon  of  salt,  a  dash  of  white 
pepper,  a  few  drops  of  onion  juice,  a  teaspoonful  of  chopped  parsley,  and  4  hard- 
lioiled  eggs  chopped  very  fine.  Make  a  cream  sauce  with  a  tablespoonful  of  batter 
and  1  of  flonr,  creamed  togetlier  with  \  pint  of  boiling  milk.  Boil  3  minutes  and 
add  the  macaroni  mixture;  fill  the  molds,  cut  the  sticks  yon  have  reserved,  place 
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i  acrOHH  the  top  of  each  mold,  and  bake  in  a  pan  of  hot  water  .10  miDntes  in  a  hot 
oven;  turn  out  and  serve  with  tomato  nance. 

Croquettes  of  macaroni. — B<ii!  in  a  eaucepftn  4  ounces  of  macaroni  in  salted 
water  30  miDutes;  then  drain  on  a  sieve;  retnrn  the  macaroni  to  sam-epan.  add  i 
tableapoonful  bntter,  4  tableapoonfula  grated  cheese,  and  3  onnces  of  finely  cut 
ham  or  beef  tongue;  niix  all  together.  Then  spread  the  preparation  in  a  shallow 
buttered  pan,  cover  with  buttered  paper,  put  a  light  weight  on  top  and  set  aside 
to  cool;  30  minat*>3  before  serving  form  the  mixture  into  cork-ahapeil  croquettes. 
dip  into  beaten  egg.  and  roll  in  freshly  grated  bread  cmuibs;  fry  in  hot  fat  to  a 
delicate  brown.  Lay  for  a  few  minutes  on  paper,  then  dress  on  a  hot  dish;  gar- 
nish with  fried  parxley,  and  Kerve  with  tomato  sauce.  Croqnett«s  of  spaghetti 
and  noodles  are  prepared  in  tiie  wtme  way. 

KAKNITURCJi. 

Macaroni  <l  ta  M  !anai>ie. — Break  S  ounces  of  small  macaroni  into  short  pieces, 
cook  thent  in  water,  and  drain;  put  them  in  a  saucepan  with  pepper  and  a  little 
nutmeg,  2  cups  of  good  gravy  and  3  or  4  tablespoon fn Is  of  tomato  sauce:  add  3 
ounces  of  minced  ham  and  some  mushrooms  (truffles  if  desiredl .  Let  simmer  an 
instant,  then  mix  with  them  at  the  last  2  j^  onnces  of  bntter  and  a  cupfnl  of  grat«d 
Parmesan  cheese.    This  is  used  to  gamLth  roasts. 


Spaghetti  with  Swiss  rh^tx', — Break  i  pound  of  spaghetti  into  bits  not  more 
than  IJ  inches  in  length,  and  boil  in  slightly  salted  water  for  30  minutes.  Turn 
into  a  hot  colander  and  eet  at  the  side  of  the  range  to  drain.  Grat«  enough  Swiss 
cheese  to  make  a  generous  half  cupful  and  turn  into  a  Haucepan  with  3  table- 
spoonfuls  of  melted  butter.  Stir  well;  add  the  hot  spaghetti;  toss  and  stir  for  a 
minute,  or  just  long  enough  to  melt  the  cheese;  odd  a  dash  of  paprika,  and  serve 
in  a  hot  dish. 

Totnalo  and  apaghetii  d  I'ltalienne. — Break  i  pound  of  spaghetti  into  pieces; 
put  it  with  3  quarts  of  boiling  water  over  the  fire;  add  i  tablespoonfnl  salt,  and 
boil  3Gto30  minutes.  Melt  1  ounce  butter  in  asancepan;  add  1  finely  chopped  onion 
and  i  finely  chopped  green  pepper  without  the  seeds;  cook  fl  minut«s;  a<ld  i  can 
tomatoes,  i  cupful  finely  chopped  mushrooms.  1  teaspoonful  salt,  1  toaspoonfnl 
sugar, i teaspoon ful  pepper;  cook  20  minutes.  When  the  xpi^hetti  is  done,  drain 
in  a  colander;  grate  4  onnces  Parmesan  cheese  (or  4  onnces  American  cheese); 
put  the  spi^hetti  In  alternate  layers  in  a  dish  with  thu  tomatoes  and  grated 
cheese.  (The  cheese  may  be  omitted  if  objected  to.)  Pla<'e  the  dish  a  few  min- 
utes in  the  oven,  and  serve.     Macaroni  can  be  prepared  in  the  same  way. 

Sjiaghetti  A  l' Allemaiide. — Boil  J  pound  of  spaghetti  in  sa1t«d  water,  as  in  the 
foregoing  recipe.  Place  at  the  same  time  a  saucepan  with  3  ounces  butter  over 
the  fire;  add  i  cupful  finely  chopped  onions;  cook  5  minutes  without  browning; 
add  1  can  of  tomatoes,  1  leaspoouful  salt,  i  even  teaspoirafnl  pepper,  1  table- 
spoonful  sugar;  cook  ITi  minutes;  press  the  tomatoes  through  a  wire  sieve;  mix 
the  yolks  of  3  eggs  with  1  tablespoonfnl  cold  water  and  add  them  to  the  tomatoes; 
stir  a  few  minutes  over  the  fire  without  boiling  (if  handy,  add  ^  cupful  whipped 
cream).  Drain  the  apa({hetti  in  a  sieve,  put  it  in  a  hot  dwh.  in  alternate  layers 
with  the  tomatoes;  tben  serve.  Another  way  is  to  cover  the  top  of  the  dish  with 
grated  cheese  and  then  bake  a  few  minutes  in  a  hot  oven. 

Balceil  Hpaglielti. — Boil  12  ounces  of  spaghetti  in  suited  water  with  a  little 
butter;  drain;  put  in  a  saucepan  with  salt,  pepper,  nutmeg,  a  pint  of  bechamel 
sauce.  G  onnces  of  bntter  in  small  bits,  and  0  ounces  of  grated  Parmesan  cheese; 
stir  and  toss  briskly  until  stringy;  turn  into  a  battered  baking  dish  and  give  it  a 
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domefonn;  aprinkle  more  cheese  and  bread  cmmba  over;  addamallbitaof  butter, 
and  bake  ligjit  brown  ii 


Macaroni  talad. — Clean  two  bleached  heads  of  endive  (chicory):  dress  them 
lightly  with  plain  French  dressing  and  heap  them  in  the  center  of  an  oral  dish. 
Have  ready  boiling  i  pound  of  mnBhrooms.  These  may  either  be  boiled  in  salted 
water  with  an  addition  of  6  whole  peppers  or  boiled  in  stock  with  the  ad<lition  of 
peppers.  Drain  the  macaroni  perfectly  dry  and  cut  it  into  inch  lengths.  Mix 
thoroughly  with  a  well-made  mayonnaise  dressing;  pnt  thix  around  the  moond 
rif  endive,  garnish  with  hard-boiled  eggs  cnt  into  slices,  alternated  with  slices  of 
raw  tomato,  and  dotted  here  and  there  with  little  bite  of  cold  boiled  ham. 

DBSBKRTS. 

Jndtan  ntocarorti. —Place  i  ponnd  of  boiled  macaroni  in  a  pint  of  milk  and  let  it 
cometoaboil;  add  sngar  totasteand  at«aBpoo&falof  preparetlcocoannt.  When 
this  is  slightly  cool,  ponr  into  a  glass  dish  and  garnish  with  fried  pistachio  nnta  and 
blanched  and  fried  snltana  raiaisB,  seeded.  Over  the  top  sprinkle  a  few  pistachio 
nnts  chopped  fine. 

Macaroni  and  pineapple. — One  pint  clear  lemon  jelly,  I  tin  preserved  pineapple, 
i  poand  loaf  sugar,  6  onuces  macaroni,  i  pint  cnstard,  milk,  and  cochineal.  Wet 
a  border  mold  and  ponr  in  eufScient  jelly  to  coat  it.  In  this  lay  the  "  pine  "  cnt 
into  dice,  after  draining  it  from  the  sirup,  color  the  remainder  of  the  jelly  with  a 
few  drops  of  cochineal,  and  fill  np  the  mold.  Boil  the  macaroni  in  milk  until 
tender,  and  sweeten  it  with  the  sugar.  When  the  jelly  is  set  and  the  macaroni 
cold,  tnm  out  the  former  and  fill  with  the  latter,  ponr  over  a  boiled  cnstard 
Savored  with  bay  laurel  leaves,  lemon  rind,  or  vanilla,  and  serve.  . 

Macaroni  pudding. — Fonr  ounces  of  macaroni,  1^  pintfi  of  milk,  3  eggs.  2  table- 
spoonfals  of  brown  sugar.  Boil  the  macaroni  until  tender  in  a  pint  of  milk,  then 
pnt  it  in  a  buttered  pie  diah,  add  the  sngar,  the  remainder  of  the  milk,  and  the 
eggs,  well  beaten.    Bake  one-half  hour. 

Macaroni  pudding,  gweet, — Take  3|  ounces  of  macaroni,  S  pints  of  milk,  rind 
uf  half  a  lemon.  3  eggs,  sugar  and  nutmeg  to  taste.  Put  the  macaroni  with  & 
pint  of  the  milk  into  a  sancapan  with  the  lemon  peel  and  let  it  simmer  gently 
until  tender;  then  pnt  it  into  a  pie  dish  without  the  peel,  mix  the  other  pint  of 
milk  with  the  eggs,  stir  these  well  together,  adding  the  sugar,  and  ponr  the  mix- 
ture over  the  macaroni  which  has  been  drained.  Grate  a  little  nutmeg  over  the 
top  and  bake  in  a  moderate  oven  for  half  an  hour.  To  make  this  padding  look 
nice  a  past«  should  be  laid  aronnd  the  edge  of  the  diah,  and  fur  variety  a  layer  of 
preserve  or  marmalade  may  be  placed  on  the  macaroni.  It  will  be  found  desirable 
to  boil  the  macaroni  in  salted  water  about  IS  minutes  before  boiling  it  in  the  milk, 

Semoule  cafce,-— Put  in  a  saucepan  a  pound  and  a  half  of  semolina,  with  3  pints 
iif  boiled  milk.  6  ounces  of  sugar,  3  ounces  of  hutl«r,  and  the  rind  of  a  lemon  tied 
up:  set  to  boil,  stir,  then  cover,  and  let  simmer  41)  minut^^s;  take  oS  the  fire, 
remove  the  lemon,  add  3  well-beaten  eggs.  4  egg  yolks,  and  2  more  annce:^  of  but- 
ter, and  nix  well;  butter  a  plain  charlotte  mold;  besprinkle  with  fresh  bread 
trombs  and  small  bits  of  butter  on  top:  place  on  a  baking  sheet  and  cook  in  a 
fairly  hot  oven  for  about  30  minutes;  pass  a  knife  between  the  cake  and  the  sides, 
invert  on  a  dish,  take  oS  the  mold,  and  serve  with  a  sauce  bowl  of  lemon  sauce. 
Pot  the  lemon  sauce,  pnt  in  a  saucepan  4  egg  yolks,  4  ounces  of  sugar,  an  ounce  of 
cornstarch,  and  the  rind  of  a  lemon  chopped  fine;  mix  well,  dilute  with  a  pint  of 
boiling  milk,  put  on  the  fire,  stir  briskly  with  an  egg  beater  until  the  sauLV 
thickens,  and  serve. 
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Vermicelli  eake  d  la  vanilte. — Boil  3  pinte  of  cTBam  v/ith  4  omioee  of  sugar;  put 
in  13  ounces  of  large  Tormirclli,  stir  to  a  boil,  add  a  vanilla  bean,  cover,  aud  cook 
very  slowly  for  half  an  hunr;  take  off  the  fire,  remove  the  vanilla,  and  mix  with 
4  beaten  eggs  and  4  oaacee  of  batter;  butter  and  bread-cmmb  a  plain  charlotte 
mold  in  this  way:  Boll  beaten  eggs  all  over  the  inaide,  drain  the  eggs,  and  bread- 
cnunb;  fill  the  m«dd,  sprinkle  more  cnunbfi  over,  add  small  hiia  of  bntter,  and 
bake  in  a  moderate  oven  for  40  minutes;  turn  on  a  dish,  and  let  stand  a  while 
witb  the  mold  on;  then  rentove  it;  sprinkle  with  powdered  sugar,  pour  a  vanilla 
eanoe  aronnd,  and  serve  with  more  sauce  in  a  satice  bowL 

SPKCIAT,  ITALIAN  BSCIPIM. 

J&itieoin.— Take  3  ponnds  of  beef,  cover  with  cold  water;  add  to  tliis  1  bay  leaf, 
0  whole  cloves,  1  minced  onion,  and  1  pint  of  tomatoes;  simmer  till  the  meat  is 
very  tender;  remove  the  meat,  and  strain  the  sauce.  Have  ready  half  a  can  of 
button  mnshrooms,  sliced;  place  these  in  a  bowl  with  3  sliced  garlic  corns,  mix 
well  together,  cover,  and  allow  to  remain  for  an  honr.  Boil  i  pound  of  macaroni 
in  plenty  of  boiling  salted  water  30  minotes  and  drwn.  Carefully  pour  over  the 
bottom  of  a  platter  1  tablespoonfnl  of  olive  oil  and  place  on  this  tlie  macaroni; 
poor  over  this  2  tablespoonfnls  of  olive  oil;  heat  the  sauce  to  boiling  point  and  add 
the  moshrooms  and  garlic;  pour  over  the  macaroni  and  mis  tboroaghly;  sprinkle 
witb  grated  Parmesan  cheese.  Qamiah  the  dish  with  fried  spring  chicken,  string 
beans,  or  green  com  cut  from  the  cob.     This  is  said  to  be  the  national  dish  of  Italy. 

Italian  macaroni,  baked. — Place  3  pounds  of  beef,  well  larded  with  strips  of  salt 
pork,  and  1  or  3  chopped  onions  in  a  covered  kettle  on  the  back  of  the  stove  until 
it  throws  out  its  juice  and  is  a  rich  brown;  then  add  1  quart  of  tomatoes  seasoned 
with  pepper  and  salt,  andallow  the  mixture  t«  simmer  for  3  or  3  hours.  Take  the 
quantity  of  macaroni  desired  and  boil  in  plenty  of  boiling  salted  water  for  20  min- 
utes and  drain.  Placealayer  of  the  macaroni  in  the  bottom  of  abnttereil  pndding 
dish,  cover  with  some  of  the  above  sauce,  sprinkle  well  with  grated  cheese,  and 
continue  to  fill  up  the  dish  with  alternate  layers  of  macaroni,  sance,  and  cheese, 
having  a  layer  of  cheese  on  the  top.  Place  in  the  oven  and  bake  a  rich  brown. 
Commenceearlyinthe  morning  toprepare  this  dish,  as  the  meat  must  cook  slowly 
in  order  to  have  a  rich  sance. 

Macaroni  d  Vltaltmii e.—Peei  and  cot  into  small  pieces  13  large  tomatoes,  pnt 
into  a  sonp  kettle  with  3  ponnds  of  soup  meat,  and  allow  to  simmer  gently  for  1 
hour  (care  must  be  taken  to  prevent  scorching).  Throw  i  pound  of  macaroni  into 
boiling  salted  water  and  boil  30  minutes;  drain;  add  the  macaroni  to  the  stock  in 
which  the  meat  was  boiled,  and  cook  10  minutes;  take  out  the  macaroni  and 
drain;  add  to  the  strained  stock  3  cloves  of  garlic  mashed,  3  bay  leaves;  simmer  5 
minutes,  add  the  macaroni,  and  stir  until  thoroughly  seasoned  and  perfectly  ten- 
der; thenadd-^cupof  ci-eam  and  serve  with  grated  Parmesan  cheese  in  a  separate 

Macaroni  A  la  Napolitaini-. — Break  ^  pound  of  macaroni  and  throw  into  rapidly 
boiling  salted  water;  boil  rapidly  for  10  minut«B,  strain,  and  put  into  a  saucepan; 
cover  with  good  beef  or  chicken  stock,  and  boil  for  80  minutes.  By  this  time 
the  stock  will  he  nearly  absorbed.  Strain  the  macaroni  and  place  it  where  it  will 
keep  warm.  Add  to  the  stock  3  tablespoon fuls  of  thick  tomato  sance;  mix  nntil 
smooth;  aild  a  chopi>ed  sweet  red  pepper,  half  a  cup  of  toasted  pinolas,  a  teaspoon- 
f  ul  of  salt,  and  a  pinch  of  white  pepper;  boil  for  3  minutes;  then  add  the  macaroni, 
cover  in  a  double  boiler,  and  stand  over  the  fire  for  15  minutes,  nntil  the  macaroni 
is  nicely  seasiined.  Just  at  serving  time  add  a  cnp  of  very  thick  cream  or  2  table- 
spoonfnls  of  sweet  butter.  Tnrii  out  on  a  platter  and  serve  witb  it,  in  a  separate 
dish,  grated  Parmesan  cheese. 
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Macaroni  »ouffli. — Into  1  cap  of  cr«am  eance  Beaeoued  with  minced  panile)'  and 
onion  joica  Btir  1  cnp  of  chopped,  boiled  macaroni;  when  hot  add  the  beaten  yolk 
of  2  eggs,  cook  1  minute,  and  set  away  to  cool.  When  cold  stir  in  the  beaten 
whites  of  the  2  eggs,  beaten  very  stiA;  cover  with  grated  cheese  or  cmmbd,  and 
bake  in  a  bnttered  dish  20  minutes.     Serre  with  mnshroom  sauce. 

Maoaroni  with  celery. — Break  |  ponnd  of  macaroni  into  small  piecea.  pnt  it  into 
2  qoarte  of  rapidly  boiling  salted  water,  and  boil  for  30  minntee.  Drain  in  colander. 
Cnt  np  enongh  neleiy  to  make  a  large  cnpfnl;  atew  nntil  tender  in  jnst  enongh 
water  tocorer.  Bntter  a  baking  dish,  poor  in  half  of  the  prepared  macaroni,  then 
half  of  the  celeTy,  and  sprinkle  with  a  saltspoon  of  salt;  pnt  in  the  balance  of  the 
macaroni  and  celery  and  repeat  the  salt;  cover  with  buttered  bread  cmmba; 
sprinkle  a  teaspoonfiil  of  grated  cheese  over  this,  and  poor  over  all  the  water 
in  which  the  celery  was  boiled.    Bake  in  a  moderate  oven  20  minutes. 

Maearani  d  la  national. — Break  i  ponnd  of  macaroni  into  !t-inch  pieces  and  boil 
until  tender  in  weH-salted  water  and  drain  in  a  colander.  Pour  into  a  shallow 
baking  dish  and  cover  with  the  following  sauce:  Pnt  3  tableepoonfnls  of  batter  in 
a  granite  saucepan  and  stir  until  it  melts,  being  careful  not  to  brown  it;  add  to 
this  1  teblespoonful  of  flour  and  stir  nntil  thoroughly  mised;  bring  H  cups  of 
milk  to  the  boiling  point  and  add  to  the  Soar  and  butter;  stir  all  thoroughly  until 
it  thickens  and  becomes  smooth;  pepper  and  salt  to  taste.  Uix  }  of  a  cnp  of  fine 
cracker  crumbs  with  i  cup  of  grated  cheese,  f  cup  of  melted  butter,  and  sprinkle 
over  the  top.    Bake  until  brown  and  serve  hot. 

Deviled  maearoni. — Bcal  8  ounces  of  macaroni,  and  chop  rather  fine.  Pnt  2 
tableepoonfuls  of  butter  and  2  of  flour  in  a  saucepan,  mix  well,  and  add  a  pint  of 
milk;  stir  a:itil  boiling.  Then  add,  pressed  through  a  sieve,  the  hard-boiled  yolks 
of  3  eggs  and  the  whites  of  the  eggs  pressed  thrcugh  a  vegetable  press;  add  a 
tablespoonful  of  chopped  parsley,  a  level  saltspoon  of  red  pepper,  one  chapped 
sweet  Spanish  pepper, a  grating  of  nutmeg,  a  teaspoonfnl  of  grated  onion, and  the 
macaroni.  Pnt  this  into  indlvidnal  shells  or  cases,  cover  the  top  with  bread 
crumbs  that  have  been  moistened  with  melted  butter,  and  brown  in  a  quick  oven. 
In  serving  put  a  teaapoonful  of  tomato  cateup  or  chili  sauce  in  the  center  of  each 
dish. 

Macaroni  icith  eggii. — Take  j-  pound  of  macaroni  that  has  been  boiled  in  a  but- 
tered dish;  season  with  salt,  pepper,  and  bnttor;  grate  over  it  an  onnce  of  cheese; 
Htir  2  eggs  in  a  cup  of  milk  and  poor  over  it.  Cover  with  bread  crumbs  and  bake 
20  minutes,  or  until  brown. 

Fried  macaroni. — Take  S  onncee  of  macaroni;  boil  until  tender.  Take  an  onion 
and  3  tablMpoons  of  chopped  ham;  fry  brown;  tlien  add  the  macaroni,  1  teacup 
of  tomato  juice,  and  salt  to  taste;  cover  top  with  grated  cheese  and  bake  until 

Maearoni  an  grattn. — Uelt  1  tablespoonful  of  butter  without  browning;  odd  1 
tablespoonful  of  flour;  mix  until  smooth;  add  1  cup  of  cream  and  stir  until  it 
thickens;  season  with  salt  and  pepi)er.  Just  as  yon  take  it  from  the  fire  stir  in 
quickly  the  yolk  of  1  ^g.  Donot  let  the  sauce  stand  on  the  fire  after  theegg  has 
been  added  or  it  will  curdle.  Boil  S  onnces  of  macaroni  in  plenty  of  salted  boil- 
ingwater;  drain;  melt4onncesof  cheese  with  3  tablespoonfuls  of  butter,  Qreaee 
tk  baking  dish  and  fill  with  alternate  layers  of  macaroni  and  sauce.  Pour  the 
melted  butter  and  cheese  over  the  top  that  it  may  penetrate  the  whole  dish. 
Cover  with  bread  crumbs  and  brown  in  a  quick  oven. 

Mftearoni  trith  brotm  tauce. — Melt  2  tablespoonfals  of  butter;  add  2  tablespoon- 
fnls  of  flour  and  mix  untU  smooth  and  brown.    Then  add  1  pint  from  the  stock 
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of  irater  in  whicli  i  pound  of  macaroni  was  boiled;  stir  until  it  thickens:  add  the 
macaroni  and  1  tableepoonfal  of  tomato  catsap;  stirnntil  heated  through;  season 

Macaroni  and  mtiahroomt.— Cover  the  bottom  of  a  l>akii^;  diah  with  abottt  a 
tablespoonful  of  melted  butter;  then  pnt  over  a  layer  of  macaroni  that  has  been 
boiled  15  minatcs,  and  sprinkle  lightly  with  salt  and  pepper,  and  dot  here  and 
there  with  bits  of  butter.  Now  pnt  over  a  thick  layer  of  washed  mnahroome  cnt 
intoslices,  then  a  layer  of  macaroni,  and  so  continue  nntil  the  dish  is  full, having 
the  last  layer  macaroni.  Poarover  1  pint  of  cream.  Cover  with  a  lid  or  another 
pan,  and  bake  in  a  moderata  oven  1  honr;  then  remove  the  cover  and  brown 
quickly. 

Macaroni  and  anion  fritterg. — Cnt  3  ounces  of  boiled  macaroni  into  small  pieces; 
add  4  onions  boiled  and  chopped.  6  ounces  bread  crumbs  moistened  with  a  little 
water,  and  3  eggs  well  beaten;  season  with  pepper  and  salt;  fry  and  serve  with 

Macaroni  rarfbit. — Put  into  a  chafing  dish  2  cupe  of  boiled  macaroni  cnt  into 
3-inch  pieces.  1  cnp  of  grated  cheese,  2  tablespoonfnls  of  bntter,  \  teaspoonfnl  each 
of  salt,  mustard,  and  red  pepper;  when  boiling  add  3  eggs  well  beaten  with  \  cnp- 
ful  of  cream  or  milk.    Serve  hot  on  toast. 

Spanish  macaroni. — Boil  separately  in  salted  water  or  milk  4  turnips  and  \ 
ponnd  of  mscaroni  until  tender.  Pnt  the  macaroni  in  a  baking  dish,  baste  over 
with  butter,  and  pour  over  it  the  following  <mixed)  ingredients:  Mashed  tnmip, 
minced  red  pepper,  minced  3  onions,  minced  i  pound  of  ham.  using  milk  to  thin 
it  to  the  consistency  of  a  heavy  batter;  over  the  top  grate  cheese  plentifully,  and 

Stewed  maca  roni.- —  Pnt  i  ounces  of  good  macaroni  as  little  broken  as  possible  i)>to 
alai^  saucepan  of  Ixiiling  water;  boil  5  minutes  and  drain;  then  cover  with  1  pint 
of  beef  stock;  add  I  teaapoonful  of  salt  and  a  saltapoonfnl  of  pepper.  Push  the 
saucepan  away  on  the  comer  of  the  fire  where  the  macaroni  will  simmer  until  ten- 
der—it must  not  be  soft  or  flabby;  toss  it  now  and  then  with  a  fork  to  prevent  stick- 
ing. When  the  stock  has  been  entirely  absorbed  add  J  teaepoonful  of  beef  extract 
that  has  been  moistened  in  a  little  water  and  to  which  has  been  added  a  table- 
spoonful  of  browned  flour.  Toss  this  for  a  few  moments  over  the  flre,  add  \  cup 
of  gix>d  cream,  and  tnm  on  to  a  heated  shallow  dish.  Ponr  over  a  tomato  sauce 
made  by  mbblng  together  1  tablespoonful  of  bntter  and  1  of  flour,  to  which  has 
been  added  ]  pint  of  strained  tomato;  stir  until  bailing;  add  \  teasi>oonfnl  of  salt 
and  a  dash  of  pepper.     Pass  with  this  giatod  Parmesan  cheese  or  sap  sago. 

Macaroni  with  corn. — Boil  1  cup  of  macaroni  which  has  been  broken  into  inch 
lengths  in  boiling  salted  water  until  tender.  Drain  and  add  to  it  1  cup  of  com 
cat  from  the  cob  (or  1  cup  of  canued  com) ,  a  little  salt,  two  tablespoonfnls  of 
zwieola,')  1  egg  well  beaten,  and  1 }  cups  of  nut  milk.  Mix  thoroughly  and  bake  in 
a  granite  pndding  dish. 

Macaroni  piquante. — Break  spaghetti  into  very  small  bits  less  than  an  inch  in 
length;  boil  these  for  30  minntes,  or  until  tender,  in  salted  water.  Drain  and 
keep  hot  while  the  following  sauce  is  made:  Cook  together  in  a  sancepan  a  heap- 
ing teaspoonful  each  of  butter  and  browned  flonr,  and  when  these  are  blended 
to  a  reddish  brown  pour  upon  them  a  pint  of  beef  stock  and  stir  until  smootb; 
now  add  4  tablespoonfnls  of  tomato  catsup,  6  Aiotpa  of  Tabasco  sauce,  a  t«aspoon- 
ful  of  kitehen  bouquet,  a  pinch  of  salt,  and  a  dash  of  paprika.  Turn  the  boiled 
spaghetti  into  this  sanoe,  stir  all  together,  and  pour  the  misturo  into  a  greaseil 
pudding  dish.  Sprinkle  buttered  crumbs  and  grated  cheese  over  the  top  and  bake 
until  brown. 

«A  kind  of  cracker  crumbed.    Bread  crumbs  may  be  substituted. 
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Maearrmi  rimtoleK. — Hare  ready  a  capful  of  cold,  Iwiled  macaToni  cut  np  small. 
Hake  a  white  sauce  by  cooUnir  togetber  a  tableHpoonfol  of  batter  and  two  of 
flour  and  Btirriiiglnt:!  them  acnpfnlof  hot  milk.  Stir  until  thick,  add  a  large 
tableepoonfnl  of  grated  cheese,  and,  gradually,  the  whipped  yolks  of  4  eggs,  beat- 
ing all  the  time.  Work  the  macaroni  into  the  sance  and  set  aside  until  the  mis- 
tore  ia  very  cold.  With  floured  hands  form  into  small  balk — not  qnite  as  large 
in  circumference  as  a  rilver  dollar — roll  in  beaten  egg.  then  in  fine  cracker 
cmmhs.  and  set  in  the  ice  box  for  2  hoora.  Fry  in  deep-boiling  cottolene  or  other 
fat.     Serve  with  tomato  aance. 

SUB1TK  WHBAT  TOB  BKBAI>. 

For  Bome  time  the  ■writers  have  been  convinced  that  a  good  bread 
can  be  made  from  durum  wheat,  and  it  has  been  known  to  one  of  them 
since  180S  that  the  best  and  most  popular  bread  in  France  and  Ruspin 
is  made  from  this  irheat.  It  waH  thought  best,  however,  not  to  urge 
the  use  of  the  wheat  for  such  a  purpose  in  this  country  until  people 
had  become  more  familiar  witti  it  and  until  a  fair  market  had  already 
been  established  for  its  use  in  the  production  of  macaroni  and  other 
products.  In  tlie  season  of  1!H)2  for  the  first  time  a  comparatively 
lai^  amount  of  durum  wheat  was  harvested,  somewhere  near  2,000,000 
bushels,  which  naturally  resulted  in  trials  of  the  wheat  for  other 
purposes  than  making  macaroni.  Through  llie  efforts  of  a  number  of 
flour  mills  many  families  were  induced  to  use  the  wheat  for  bread 
over  considerable  areas  in  North  and  South  Dakota,  and  finally  dur- 
ing the  winter  of  1902  in  a  number  of  localities  in  those  States  private 
Itakings  wore  made  almost  solely  from  the  durum  wheat,  and  that,  too, 
in  face  of  the  fact  that  in  these  very  localities  the  best  quality  of  ordi- 
nary hard  spring  wheat  ia  grown  and  the  people  had  abundant  oppor- 
tunity to  obtain  bread  of  the  same  class  as  that  produced  from  Min- 
neapolis flour.  In  at  least  one  town  of  North  Dakota  practically  the 
entire  population  used  the  durum-wheat  flour  for  l>read  and  continued 
afterwards  to  do  so,  even  though  such  flour  occasionally  Hold  at  a 
higher  price  than  that  made  from  the  hard  spring  wheat. 

PRIVATE  EXPERIMENTS. 

In  addition  to  these  family  bakings,  experiments  with  this  wheat  for 
bread  were  made  by  a  number  of  private  institutions.  Among  these 
experiments  were  thosomadebyabakingcompany  in  Cleveland,  Ohio, 
in  which  case  the  flour  was  obtained  from  a  North  Dakota  mill.  From 
a  letter  fn)m  this  mill,  dated  March  10,  190.3,  the  following  words  are 
quoted: 

We  presume  yon  are  collectiiig  more  or  lesa  information  from  various  sources 
in  regard  to  the  bread-making  qnalities  of  macaroni  flour.  To  that  end  we  will 
ccoitribate  the  contents  of  a  letter  which  we  received  from  Cur  flour  conmiiesion 

merchautof  Cleveland,  Ohio.    The  letter  reads  as  follows:  "The Company 

condemned  the  macaroni  flour  for  bread  purposes  on  first  tirlal.    Upon  onr  reoom- 
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mendation  they  begfua  to  eiperiment,  and  witt  great  socceae,  and  they  are  more 
than  pleased  with  the  results.    Will  have  meeting  with  head  baker  and  report." 

Our  commissionmerchaDt  had  sold  a  carload  of  floar  to  this  Cleveland  company. 
Twenty-Sve  barrels  of  the  shipment  were  macaroni  straight  floor.  If  you  would 
take  the  matter  up  direct  with  the  company,  I  have  no  doubt  they  will  give  yon 
a  full  and  complete  report  on  their  experiments. 

Later  on,  the  following  testimonial  came  from  the  commission  mer- 
chant referred  to  above: 

Throngh  your  courtesy  nearly  a  year  ago  we  secured  the  agency  for  ntacaroni 
flonr  from  one  of  the  mills  that  yon  were  kind  enough  to  hand  me  the  address  of. 
We  thank  yon  for  the  same.  This  flonr  we  sold  to  macaroni  mannfactarers  with 
one  esception;  this  was  sold  to  a  large  bakery.  We  desire  tosay  that  it  was  very 
satisfactory  in  every  instance;  the  breadwas  very  rich  and  of  a  fine  flavor,  and  for 
family  use  we  have  never  found  any  flour  to  eqnal  it  as  far  as  flavor  and  richnesB 
are  concerned.  We  have  sold  to  some  of  the  large  bakeries  here  this  season  for 
further  oxi>eriments.  If  you  so  desire,  we  will  hand  yon  fnrther  reanlte  when  they 
are  completed. 

Afterwards  more  definite  information  was  obtained  concerning  the 
actual  baking  trials  of  the  Cleveland  bakery  in  the  following  words, 
which  are  quoted  from  another  letter  of  later  date: 

We  have  your  favor  of  October  5,  same  being  carefnlly  noted,  and  thank  you 

for  the  information.    Will  fnrther  stato  that  wo  sold  the Company  the  maoa- 

roni  flonr.  Their  head  baker.leamed  bis  trade  in  Egypt;  afterwards  he  became  a 
soldier,  following  up  the  baking,  and  when  near  the  Black  Sea  he  had  experience 
with  a  flour  very  similar,  so  it  was  not  new  to  him.  He  first  baked  it  separate. 
then  blended  it  with  No.  I  Northern.  The  first  test  did  not  giveezxtansionenongh; 
the  second  was  fine.  His  words,  in  short,  are;  "A  very  rich  and  fine-fiavored 
loaf." 

Now,  they  did  not  make  a  scientific  test,  as  they  were  building  and  generally 
mixed  up,  which  was  no  donbt  the  reason  yon  have  not  heard  from  your  last 
communication.  The  management  has  changed  hands,  and  the  present  company 
does  not  know  much  about  it.  When  they  receive  their  macaroni  patent  they 
expect  to  give  it  a  thorough  teat.    Will  then  advise  yon  further. 

Onr  last  season's  BtJes  of  macaroni  flour  and  semolina  amounted  to  about  S,^(KI 
barrels,  all  local  trade.  We  have  to-day  submitted  an  offer  to  onr  mill  for  4,000 
barrels  from  one  coni«m,  and  more  to  follow. 


It  is  a  significAnt  fact  mentioned  in  tliin  last  letter  that  the  head 
baker  had  learned  his  trade  in  Egypt  and  afterwards  practiced  his 
trad©  in  the  region  of  the  Black  Sea,  since  a  large  amount  of  dnrum 
wheat  is  grown  in  those  districts,  and  he  had  therefore  become  familiar 
with  the  use  of  that  wheat  for  bread  and  knew  just  how  to  handle  it. 

During  the  winter  of  1902-3  a  number  of  thorough  tests  of  durum 
wheat  for  flour  in  comparison  with  ordinary  wheat  were  made  by 
several  commercial  wheat  and  flour  testing  laboratories  in  some  of 
the  large  cities.  Tabulated  results  of  one  of  these  tests  made  by  a 
well-known  laboratory  are  here  reproduced.  In  these  tests  both 
chemical  analyses  of  the  wheat  and  baking  test.s  of  the  flour  of  tliree 
varieties  of  durum  wheat  were  made  in  comparison  with  an  average 
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northwestern  spring  wheat.  The  samplea  were  ground  in  a  Binall 
experlraen^l  milt,  ami  ntraight  floar  was  uned  in  the  baking;  tests  in 
all  caaes.  These  results  are  given  in  the  first  tahle.  For  further  com- 
parison another  table  is  added  in  which  tests  of  a  number  of  other 
flours,  including  the  standard  patents,  Oresota,  Gold  Medat,  and 
I'lUsbury's  Best,  are  shown  by  the  sidw  of  those  obtained  with  the 
three  dunim  wheats. 

Tablk  3. — T^t  of  durum  wheat  and  flour,  made  in  n  entnmereial  liilMratorij, 

CHEMICAL  ANALYSES  OF  THE  WHEAT  SAHPLE8. 


>1  nitrogeiUTiiH  csmnponiidB  . . 


SohiUaearbc^rdmica  .. 

Stucb ... 

Yield 


No.  3,      We  DO] 
Anuutka  I    irest«L  _ 
(daram).      nprlDg 


Cinnpwltloii. 
QnaJltr  ot  dotiKh 


CHARACTER  OF  FLOUR  MADE  PBOM  THE  WHEAT  SAMPLES. 

I  No.  1.  Pel[s- 


I  No.  t.  Ohu--  I    No.  R.  Ar- 

DOTka  I  IWDtkn 

I     (damml.     |     (durum  >. 


AiiRvsrKge 
spring  wheat. 


birly  elu- 

"OooA.S 

17.81 


"MulmDmnf  vhltBDHt 


mmlinn 


Bcmaritoi.— Hnintnre  of  sU  tbroe  whealn  is  normal  In  <-ompari4an  with  liread  wheata.  Ash  is 
■omevbat  lower  than  In  broaJ  wheals.  Tiital  nitrogenous  ccmopounda  inolode  the  two com- 
poDDda  which  make  ap  glaten— gliadln  and  gluten  in— and  other  eolable  nitrogpnouB  (-ompoanda 
which  are  present  in  Bmaller  amonntn.  No*.  1  aiid  «  am  vpr?  lilah  In  nitrogenous  Romponnda, 
andNo.  SrontalnsaboDt  the  same  amount  as  a  g.iod  fprlng  wheat.    Thu  KliaiUn  and  g^utenln 

are  iwejent  In  large  ■ "  — '  " *' " ■"'■ ' *     ■""■' 
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and.  being 


Ell  In  all.  Bhni 


inda  In  ai 


centageoreolnblerarbohydrates  (Mugars,  gums,  and  solnble  atart.h)  la  alightly  higher  than  la 
breaOwheBls.  TtiesecomponenlHaro  the  ea>llv  fermentable  tuatsrlals. and  cnnwquentiy  the 
keeping  qnaUUee  ot  the  Donrs  will  not  bei|a1teaH  gond  a^tlioneot  bread  wheat  floors.  The 
atarch  aniLtyafa  la  made  to  get  an  Idea  of  the  yield,  ninrt^.  generally  apeaklng.  the  yield  la  pmpor. 
tiimal  to  the  starch,  and  under  the  aeeuinptlon  that  7U  per  cent  ot  avera —  ■ —  '--" — "■  "■" 

Tieldawoaldbeaashown.    Thojleldis  iDt—^""  -  
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Table  3. — Qvneral  voniparatU-c  bttkiiig  results  vUh  bread  from  different  ftov 
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.18  more. 

7.3H    (MS  wore,          R 
7.^6  :  Regular..          !> 

a|";£sK:     i 

1 

1= 

"'I  """"1 

ti'on  A/hnid/nirn,— Color  PaCentH— Maximum  I,  mmllnm  IS.  tnlnlmaiii  Xi  Htraighbt— 


limnni  XA  mediam  _, . 

cl(»rB— good  7  to  poor  H.  " 
sliowiDg  whethiir  the  hbizi; 
ortiea  latarch  and  Kluten 

loaf.    WelBhtoni«foj;pr._ 

by  more  or  Iw  than  standard  formula.  .  uuiu^vn. 

Semarki.—The  baking  teat  on  the  flonraaa  milled  In  appended  I, 
are  («lf-espl»imtory.   In  itenenil  ibese  whtatHaru  sound,  of 

ture.  aod  not  able  to  prodQi     '  '  ^ 

wlitat'lB  linpnu'"-"-         '" 


ilalmam  S.R:  Qivt  cleare— moilmum  4.  medium  R,  minimum  0:  iteuind 
[le  iBipreKsed  in  Lubii-  IncheHl  indl™tB8elanticitj'  or  rtnlas  power. 
In  proper  baklnKumditmnorhan  the  right  combination  of  prop- 
self  to  prodm^e  a  KOod-ftied  loaf.  Twelvo  nnnccs  flour  in  etiJli 
■ lecimallj.    Amount  of  water  used  indicated  decimolly 

nparlson,  and  the  result* 
r.  fair  absorbers  of  moiit- 
these  wheats  with  bresd 
d  bo  nxiierimented  with. 
0  nourishment  than  tnj 


a  the  bakinx 


Macaroni  bn>Bd  has  a  flue  flaror  and  pound  for  pound  contain 
other  wheat  flour. 

COOPERATIVE    BAKINU    EXPERIMENTS    OF    THE    DEPARTMENT    OP 
AGRICULTURE. 

So  much  interest  in  the  subject  having  been  (Jeveloped  through 
such  experimentii  as  these  described,  it  was  thought  dosirable  for  the 
Department  of  Agriculture  to  i-ondiict  a  more  complete  series  of 
experiments  on  a  comparatively  large  scale  in  the  iiseof  durum  wheat 
flour  for  bread.  During  April,  VM'i,  satisfactory  arrangements  were 
made  with  one  of  the  laige  bakeries  of  the  country  to  cooperate  in 
carrying  out  these  exi)eriments,  the  bakery  to  complete  all  t*sts  in 
the  actual  bread  making  and  the  Department  to  make  the  analyses  of 
the  flour  and  the  later  physical  and  chemical  tests  of  the  bread  after 
the  baking.  In  these  experiments  the  durum  wheat  bread  was  ma<le 
from  a  "macaroni  patent"  flour  produced  by  a  North  Dakota  mill 
which  had  up  to  that  time' given  the  most  attention  to  the  production 
of  this  kind  of  flour.  (PI.  I,  Frontispiece.)  The  bread  for  compari- 
son was  a  well-known  product  of  this  bakery  made  at  that  time  from 
one  of  the  best  hard  spring  wheat  flours  obtainable,  a  blend  of  two 
northwestern  patents.     The  result*  of  observation  on  the  flour  and 
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dou(;h  aud  operations  iu  the  mixing  dex>at'tintint  in  the  chho  uf  thin 
test  are  given  in  the  following  tabular  Htiitenienbt.  Similar  observa- 
tions are  made  with  the  greatest  accuracy,  and  Hiniilar  oare  in  taken 
in  the  mixing  operations  in  this  bakery  preceding  ail  itj*  regnlar 
bakings. 

TABLBS  OP   UIXIHO   OPEUATIONH. 

Table  4.—Constitjientit  of  dmigb. 


rt  bread  marked  "P."  Weigbt.l    Dnmm  wheat  bread  markcsl 


Plonr,  turd  BprlUK  wheat  iiateiit 

Total  nnmbor  of  loaT 

«produced... 

TABLB5 

Plonr.  miu-aroai  potcDt 

Water .„ 

Milk 

Sumr._ 

Salt _ 

Lard 

'^tol  nnmber  uf  loavi-H  jniidiir 


—CinuHtumn  of  miirin(f.>* 


llS?a™tank.--- 
Ltqoid  In  machine . 
Douf^li  when  made.. 
Time  dougb  atartsd. 


rerOlntiotM  f.. 
ing  hold  of  il. 


BTiJntiotM  for  "S" 


Table  9.— Making  up  the  loaves. 

I    Time    I 
Kind  of  doDsb.  when    I 


—bard  sprliiK  wheat . . 


The  durum  wheat  bread  proved  in  one  hour  and  thirty  minutes; 
hard  spring  wheat  bread  proved  in  one  hour  and  twenty  minutes.  The 
teraperatnre  of  ovens  was  500°  F.  The  hard  spring  wheiit  bread  baked 
in  thirty  minutes.  The  durum  wheat  bread  baked  in  thirly-five 
minutes. 

A  complete  report  on  the  chemical  analyses  of  the  flour  used,  in 
comparison  with  a  number  of  other  flours  and  the  later  Department 
tests  of  the  bread,  is  here  produced,  prepared  entirely  by  one  of  the 
writers,  Dr.  J.  S.  Chamberlain. 
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Examination  of  siandard  fioura. — In  onSer  to  show  a  comparison 
not  only  of  the  two  floilrs  U8e<l  in  the  bakitig  test,  but  also  of  sevei-al 
typical  flours,  the  following  list  of  twenty-nine  samples  was  selected 
and  analyses  were  made  of  them.  The  list  embraces  flours  from  four 
different  classes  of  wheat,  viz,  durum  wheat,  northwestern  hard 
spring  wheat,  Kansas  hard  winter  wheat,  and  soft  winter  wheat.  The 
flours  were  of  two  grades — straiglit  and  patent— the  latter  including 
both  first  and  second  patents,  the  former  being  what  is  sometimes 
termed  standard  patent  or  straight  patent. 

The  flours  are  as  follows: 

103.  Dnmm  wheat  floor,  patent  grade,  North  Dakota.  1902. 
107.  Dnrom  wheat  flonr.  patent  grade.  North  Dakota.  1903. 
109,  Dnnun  wheat  floor,  patent  grade,  North  Dakota,  1002. 

115.  Emmm  wheat  flonr,  patent  grade,  used  in  bread  test.  North  Dakota^  1902. 
384.  Durmn  wheat  floor,  patent  grade,  North  Dakota,  1B03. 

302.  Dnmm  wheat  floor,  patent  grade,  Minneaota.  1003. 

341.  E>amm  wheat  floor,  patent  grade,  MinneBOta,  1903. 
348.  Domm  wheat  flonr.  pat«nt  grade,  Minnesota,  1003. 
340.  Domm  wheat  floor.  pat«nt  grade,  Nebraska,  1903. 

345.  Domm  wheat  floor,  patent  grade.  PenoBylvania  milled,  1903. 

101.  I>umin  wheat  flour,  atraight  grade.  North  Dakota,  1903. 

160.  Dnmm  wheat  flonr,  straight  grade,  laboratory  mill.  Velvet  Don  variety, 

grown  in  EnsHia  in  1901. 
166.  Dnmia  wheat  flour,  straight  gtade,  laboratory  mill.  Velvet  Don  variety, 

grown  in  Sonth  Dakota  in  1901. 
135.  Hard  spring  wheat  flonr.  patent  grade,  Minneapolis  mill,  1003. 
800.  Hardspriog  wheat  flonr,  patent  grade,  Minneapolis  mill,  1003. 

116.  Hard  spring  wheat  flonr,  patent  grade.  North  Dakota  mill,  1902:  osed  In 

bread  test. 
125.  Hard  spring  wheat  flonr.  patent  grade.  North  Dakota,  1903. 
340.  A  blend  of  hard  spring  and  bard  winter  wheat  floors,  patent  grade,  Nebraska, 

1903. 
347.  Hard  spring  wheat  flonr,  patent  grade,  Minnesota,  1003. 
134.  Hard  spring  wheat  flonr,  straight  grade.  North  Dakota,  1901. 

128.  Hard  spring  wheat  flour,  straight  grade.  North  Dakota,  1902. 

342.  Hard  spring  wheat  flour,  straight  grade,  North  Dakota,  1903. 

129.  Hard  winter  wheat  flonr.  Tnrkey  variety,  straight  grade,  Kansas,  1903. 

130.  Hard  winter  wheat  flour.  Turkey  variety,  patent  grade,  Kansas.  1002. 

168.  Hard  winter  wheat  flonr.  Turkey  \-ariety.  atraif^t  grade,  laboratory  mill, 

1902. 

169.  Hard  winter  wheat  flonr,  Tnrkey  variety,  straight  grade,  laboratory  mill, 

1903. 
176.  Soft  winter  wheat  flonr,  Fnltz  variety,  patent  grade.  St.  Louis,  1902. 

104.  Soft  winter  wheat  flonr,  straight  grade.  Pennsylvania.  1003. 
195.  Soft  winter  wheat  floor,  straight  grade,  Pennsylvania,  1903. 
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In  the  analynes  itpecial  HrU'ntion  was  given  only  to  the  delermina- 
lioaof  the  protciil  cimstitiienlH  hikI  to  thr'  Hpparation  of  the^e  into 
three  parts,  viz,  into  proteida  soluble  in  dilnte  salt  wflntionu,  proteid 
soluble  iu  70  per  cent  alcohol  (gliadin),  and  proteid  insoluble  in  alco- 
hol or  salt  solutions  (glutenin).  The  determinations  of  nitrogen  in 
these  and  the  other  analyses  were  made  by  the  tiunning  method  by 
Mr.  T.  O.  Trescot,  of  the  Bureau  of  CliemiBtr}-. 

!n  the  followin;^  table  (Table  7)  will  be  seen  the  result^s  of  the 
analyses.  The  results  are  all  figured  on  dry  material,  with  the  exeei)- 
liun  of  the  determinations  of  absorption  and  expansion  and  of  the 
gluten,  which  were  figuwd  in  l>oth  ways,  the  percentage  amounts  of 
water  in  the  air-dry  flour  being  given  in  the  first  column.  In  addi- 
tion to  the  gliadin,  glutenin,  pn>teid8  soluble  in  salt  solution,  totAl 
protei<ls,  and  the  various  ratios  and  relation»  derived  from  these, 
there  are  also  given  the  gluten  by  wa-shing,  and  the  atworption,  ash, 
and  expansion  when  it  was  possible  to  determine  them.  It  will  be 
seen  almost  at  a  glanee  that  the  amounts  of  gliadin  and  glutenin 
given  in  this  table  do  not  agree  with  those  given  by  some  writers, 
which  vary  from  50  to  75  per  cent  gliadin.  Without  going  into  the 
question  of  the  reason  for  different  results  by  different  investigators, 
thus  necessitating  a  long  technical  discussion  of  methods,  the  results 
are  given  for  their  comparative  value  in  this  particular  case,  and  the 
description  of  methods  used  and  a  diaciission  of  the  whole  question  of 
the  proteid  eonstitueuts  of  flour  will  be  given  in  another  and  later 
publication. 

In  Table  8  a  few  of  the  results  obtained  from  the  patent  flours  have 
been  brought  together  for  a  better  (comparison  of  the  durum  and 
hard  spring  wheat  floui-s,  and  also  to  show  the  diflfensnce  between  the 
flour  from  the-  wheat  crop  of  I'Mi  and  that  of  1903. 
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'Table  8. — CoiiijMiruon  v/  patent  flour  from  durum  trheal  iind  vorihu-ettem 
tqtring  tvlient  of  the  enipa  iif  IHdJ  and  lUO.I. 

TOTAL  PROTBID8  1.1  PER  CENT  OP  DRY  FLOUR, 
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Total  protekl.t. — In  column  2  of  Table  7  and  part  1  of  Tabled  will  be 
found  the  results  for  the  total  proteids  in  flour.  The  maximum 
amount  found  was  17.77  jier  cent  antl  the  minimum  amount  fl.05  per 
cent.  The  latter  was  in  patent  flour  from  soft  winter  wheat  and  the 
former  was  in  a  straight  flour  made  from  durum  wheat  grown  in  Russia 
in  1901.  It  will  be  seen  thattholwohight^st  amounts  of  total  proteids 
were  found  in  flours  made  from  this  imported  Russian  wheat,  No.  160, 
and  tlie  other  from  some  wheat  (.trown  in  South  Dakota  in  1901  from 
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Rnsaian  seed  of  the  same  variety,  No.  16«.  Both  of  these  flours  were 
straight  gradfl;  but,  allowing  for  a  slightly  great4;r  proteid  ooiit«iit  iu 
straight  than  in  patent  flour,  the  total  proteids  id  the^e  two  samples 
of  flour  are  oonsiderably  higher,  with  one  exception,  than  in  the  other 
samples  of  durum  wheat  flour  studied.  On  comparing  the  total  pro- 
teid content  of  durum  wheat  flours  of  the  crop  of  1902  with  those  of 
tho  crop  of  1903  (see  Table  8),  it  will  be  seen  that  the  average  amount 
is  le»s  in  1903  than  in  1!H)3,  and  in  both  years  considerably  less  than 
in  flour  from  the  crop  of  1901.  if  judged  by  the  single  sample  used, 
No.  160.  The  explanation  for  this  distinct  decrease  in  the  amount  of 
total  proteids  is  without  doubt  the  excessively  wet  seasons  of  1903 
and  1903,  which  would  have  a  delinite  tendency  to  lower  the  prot«id 
content  of  the  grain.  In  a  dry  and  favorable  season,  like  that  of  1901, 
in  the  case  of  flour  No.  lliti  the  amount  of  prot«ids  is  only  slightly  less 
than  in  the  importt^d  grain.  Professor  Shepard  (South  Dakota  Experi- 
ment Station  Bulletin  No.  77, 1902,  p.  39)  found  that  some  wheat  grown 
in  ISouth  Dakota  in  IftOl  contained  an  increased  amount  of  total  pro- 
tfiids  compared  with  the  original  imported  Rus.sian  seed. 

In  comparing,  now,  the  patent  flour  from  durum  wheat  with  simi- 
lar patent  flour  from  hard  spring  wheat,  it  will  l>e  seen  that  in  both 
cases  the  total  prot«ids  of  flour  from  wheat  of  the  ci-op  of  I'JOd  is 
highei-  than  that  of  1903.  The  average  of  each  year  is  very  nearly 
the  Bame  fdr  durum  wheat  flours  as  for  the  hard  spring  wheat  flours, 
while  the  general  average  of  all  the  samples  studied  is  a  little  lower 
for  the  durum  than  for  the  hard  spring,  due  to  Iho  fact  that  six  sam- 
ples of  low-proteid  durum  of  1903  were  included,  while  there  were 
only  two  samples  of  low-proteid  hard  spring  of  1903.  The  one  sample 
of  Kansas  hard  winter  wheat  patent  flour  has  a  little  less  total  proteid 
than  the  durum.  The  total  proteid  content  of  soft  winter  wheat  patent" 
flour  is,  however,  distinctly  different  from  any  of  the  three  hard 
wheats. 

Gliadin  and  ghdenin. — The  percentages  of  gliadin,  or  the  pn>tfid 
extracted  from  flour  by  70  per  cent  alcohol,  and  glutenin,  or  the  protei<l 
insoluble  in  either  .salt  solutions  or  70  per  cent  alcohol,  vary  in  the 
durum  wheat  patent  flour  from — 
Gliadin,  4.64  to  7.32  per  cent. 
Glutenin,  4.25  to  5.45  per  cent. 

In  the  hard  spring  wheat  patent  flour  the  variation  is — 

Gliadin,  5.31  to  7.04  per  cent. 

Glatenin,  4.54  to  3.94  per  cent. 

In  the  Kansas  hard  winter  wheat  patent  flour — 

Gliadin.  6.51  pet  c-ent. 
Glnteniu,  4.49  per  cent. 

In  soft  winter  wheat  patenl.s — 
Gliadin,  8.63  to  4.42  [ler  cent. 
Glntenin,  3.41  to  4..'!3  per  c-ent  Digmzed  byOoOQic 
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The  ratios  of  theaetwo  proteid.s  to  each"  other,  expressed  in  percent- 
ages of  t)ieir  sum,  is  given  in  columns  8  and  '.).  In  the  durum  wheat 
l)ateiit  flour  tho  ratios  vary  from — 

No.  334,  Kliailin,  4ft.  V2  per  cent;  glntenin,  53.86  per  cent. 
No.  107^  t;li^i°i  ^'"^-^  per  ceat;  glntenin,  4S.55  per  cent. 
In  hiinl  spring  wheat  patent  flour  the  ratios  are —  • 

No.  347.  kU^iDt  48.5:1  per  cent:  glntenin,  Til  ,47  per  cent. 
No.  lin,  gliadin,  .'i7. 02  percent:  glntenin.  42.98  per  cent. 

Tho  hni-*!  winter  wheat  patent  flour  gave — 

No.  lafl,  gliadin.  50.19  per  cent;  glntenin,  40.81  per  cent. 

Tlie  soft  winter  wheat  patent  flour  gave — 

No.  Ifl4,  gliadin,  50.57  per  cent:  glntenin.  40.43  per  cent. 
No.  10.'>,  gliadin,  .54.03  per  cent;  glntenin,  45.88  per  cent. 

On  account  of  the  properties  of  these  two  proteids  and  the  methods 
At  present  used  for  their  separation  it  is  impossible  to  make  an  abso- 
hilel,y  clear-out  separation  of  one  from  the  other,  and,  oon8e<iuentIy, 
determinations  of  the  amounts  of  each  and  their  ratios  to  each  other 
vary,  as  is  seen  from  the  above  figures,  between  limits  tliat  are  as 
wide  for  different  flours  from  the  same  class  of  wheat  as  betwt^u 
flours  from  the  different  classes,  except  perhaps  between  tlie  lianl 
wheats  and  the  soft  winter  wheat.8.  On  this  account  it  seems 
better  to  take  some  otlier  factors  for  tlio  comparison  of  flours  and 
wheats  than  the  separate  amounts  of  gliadin  and  glutenin  or  their 
ratio  to  each  other.  While  it  is  impossible  to  make  a  sharp  separation 
of  gliadin  from  glntenin,  it  is  not  so  diflienlt  to  separate  the  two 
Uigcther  fi-om  the  other  proteids  soluble  in  dilute  salt  solutions.  liy 
repeated  analyses  of  the  same  flours  it  was  found  that  the  amount 
of  salt-soluble  proteids  obtained  does  not  vary  nearly  so  much  as 
that  of  gliadin  and  glutenin. 

If  wy  add  together  the  gliadin  and  glutenin,  or  if  from  the  sum  of 
the  proteids  or  from  the  total  proteids  as  found  by  niti-ugen  deter- 
mination there  is  subtracted  the  amount  of  proteids  soluble  in  salt 
solutions,  we  obtain  the  amount  of  gliadin  and  glutenin  together. 
This  jKir  cent  of  gliadin  plus  glutenin  in  the  flour  (sec  Table  7,  column 
m,  and  Table  H,  part  '2)  represents  the  amount  of  true  gluten  in  the 
Hour.  The  determination  of  gluten  by  the  ordinary  methml,  as 
shown  by  one  of  the  writers  in  a  paper  read  Ijefore  the  Association  of 
Oflicial  Agricultural  Chemists  at  their  meeting  in  Octol>er,  lOtK!,  and 
publisheil  in  thu  reiwrt:  of  that  meeting,  is  very  crude  and  approxi- 
niHle  HO  far  n»  aecnrato  analysis  of  the  flour  is  coneeruetl,  and  the 
desii-ed  i-elations  ai-e  much  better  expressed  by  the  factor  refei-red 
to,  vi/.,  tJK'  perceulage  amount  of  gliadin  plus  glutenin  in  the  flour. 
The  rcsult.s  of  sueli  a  dcUM-mination  should  agree  relatively  with 
the  gluten  di'lormination   so  far  as  agn-ement  would  l>e  exi>ecte<I 
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with  ail  appivximatu  deturmiiiMtiori.  As  the  Hiiioutit  of  protoiils  solu- 
ble in  salt  solutions  is  quite  (instant,  the  <1et«rniiuatiouH  of  gliadiii 
plus  fflutenin  will  likewise  a^ee  relatively  with  those  of  the  total 
proteiil  coiil«iit.  By  cousultiug  Table  8. It  will  be  seen  that  the  rela- 
tive positions  of  the  various  flours  in  ea<;li  class  are  practically  the 
same  for  the  three  determinations  given,  viz,  total  proteids,  gliadin 
pliiH  gluteuin,  and  gluten. 

Considering  now  the  relation  between  the  durum  wheat  flour  and 
the  hard  spring  wheat  flour,  as  shown  by  thi-s  table,  it  is  seen  that, 
as  is  the  case  with  total  proteids,  so  with  the  other  two  factors,  the 
average  of  the  li)02  wheat  flour  is  slightly  higher  than  that  of  the 
1903  crop.  In  each  case,  with  the  exception  of  the  gluten  of  the  19U2 
wheat  flours,  the  agreement  between  the  durum  flour  and  the  hard 
spring  flour  of  the  same  season  is  very  close,  the  general  averages  of 
all  the  determinations  made  of  each  class  not  being  quite  so  close. 
The  sample  of  hard  winter  wheat  flonr  that  was  examined  gave  results 
nearly  the  same  as  those  of  the  durum  wheat  flour  and  the  hard  spring 
wheat  flour,  whereas  the  soft  winter  wheat  flour  fell  much  below  the 
others. 

In  general,  it  will  be  seen  from  both  Table  7  and  Table  s  that  the. 
three  hard  wheats  gave  results  that  approach  each  other  oftentimes 
as  closely  as  different  samples  of  the  same  class,  and  the  only  flour  to 
differ  noticeably  is  the  soft  winter  wheat  flonr.  This  agreement,  how- 
ever, is  noticeable  only  for  the  seasons  of  1902  and  1903.  With  the 
two  flours  from  wheat  grown  in  1901,  viz,  No.  124  and  No.  llili,  the 
results  for  the  various  proteid  determinations  are  higher  without 
exception  in  the  case  of  the  durum  wheat.  Therefore,  while  the 
durum  wheat  flour  is  at  least  equal  in  quality  to  the  flour  of  the  other 
hard  wheats  grown  in  the  United  States,  and  while  in  the  case  of  sea- 
sons wet  and  otherwise  unfavorable  for  the  production  of  the  best 
durum  wheat,  the  proteid  constituents  agree  practically  with  tho.se  of 
hard  spring  and  hard  winter  wheats,  yet  in  seasons  best  adapted  to 
the  growth  of  durum  wheat  tho  flonrinvariably  contains  a  highorper 
cent  of  proteid  constituents. 

In  reganl  to  the  water-absorbing  power  and  the  expansion  of  the 
flonrs,  both  the  highest  absorption  and  the  highest  expansion  were 
with  floui-s  of  durum  wheats,  the  average  of  the  patent  flours  being 
65  for  the  durum  and  HH  for  the  hard  spring  wheat,  the  Kansas  hanl 
winter  wheat  flour  being  I'f2,  while  the  soft  winter  wheat  flours  are 
all  much  lower.  The  average  expansion  for  the  durum  wheat  patent 
flour  was  fil5,  and  for  the  hard  spring  wheat  patent  flour  ti04. 

The  ash"  content  of  the  durum  wheat  flour  is  considerably  higher 
than  that  of  any  of  the  other  three  classes  examine<l,  the  average  of 
the  patent  flours  l)eing  0.77  percent  for  the  durum,  0.55  per  cent  for 
the  hanl  spring,  0.57  per  cent  for  the  hard  winter,  and  O.OO  per  cent 
for  soft  winter.     This  high  ash  content  is  not  due  to  a  low  grade  of 
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lloui',  for  the  ash  con1«iil  of  the  duniiii  whole  wheat  is  proportionally 
liigher  than  that  of  the  hard  spring  wheat.  The  average  of  the  ash 
determinations  of  durum  whole  wheat  was  2,14  jrer  cent,  whereas  hard 
spring  wheat  gave  an  average  of  l.(i2  per  (5ent.  While  the  sample  of 
1001  durum  wheat  flour  possesses  a  higher  ash  than  the  average  of 
li)02  and  1903,  yet  some  flours  of  these  years  have  as  high  an  ash  con- 
tent. In  this  respect,  therefore,  the  composition  of  thedurnm  wheat 
Hour,  even  for  these  wet  and  unfavorable  years,  maintains  a  charac- 
teristic diifereiiec  from  that  of  the  hard  spring  wheat  flours. 

Conclusions. — ^From  a  careful  studj'  of  the  results  of  these  Investi- 
gations it  appears: 

(1)  The  total  proteid  content  of  durum  wheat  flour  from  wheat 
grown  in  Russia  and  from  that  grown  in  this  country  iu  normal  sea- 
sons is  considerably  higher  than  that  in  any  of  the  other  principal 
classes  of  American  wheats. 

(2)  In  durum  wheat  grown  in  the  United  States  in  wet  and  other- 
wise unfavorable  years  the  proteid  content  falls  to  an  amount  about 
equal  to  that  of  northwestern  hard  spring  wheats  or  Kansas  hard 
winter  wheats,  but  is  alwve  that  of  the  soft  winter  wheats. 

(3)  On  the  average  the  proteid  content  of  durum  wheat  flour  grown 
in  1902  or  1903  is  equal  to  that  of  northwestern  hard  spring  wheat  of 
the  same  year,  but  in  flour  made  from  normal  wheat  grown  under 
more  favorable  conditions  it  is  higher. 

(4)  The  amount  of  gliadin  plus  glutenin  in  the  flours  from  the  typ- 
ical wheats  studied  is  in  jiractically  the  same  relation  as  the  total 
proteids  just  described. 

(5)  The  absorption  and  expansion  are,  as  a  rule,  greater  in  the  case 
of  flour  from  durum  wheat  than  of  flour  from  hard  spring  wheat  or 
hard  winter  wheat. 

(6)  The  ash  twntent  of  durum  wheat  patent  flour  is  considerably 
higher  than  that  of  hard  spring  wheat  patent  flour. 

(7)  In  general,  durum  wheat  flour  differs  in  composition  from  hard 
spring  wheat  flour  in  having  larger  amounts  of  proteids,  ash,  and 
sugar,"  hut  in  unfavorable  seasons  having  too  much  moisture  some  of 
these  fall  to  about  the  same  amount  as  found  in  the  other  hard 
wheats. 

KXAKIKATION   OF  THE   FLOUR   AND   BREAD   OF  TUB   BAKING   TEST. 

The  analyses  of  the  two  flours  used  in  the  baking  test  and  of  the 
breads  made  from  them  will  now  be  considered. 

In  the  preceding  tables  (7  and  8)  of  flour  analyses,  No.  115  is  the 
flour  used  in  the  bread  test  for  bread  X  and  No.  IIG  is  the  flour  used 
for  bread  P.  These  will  be  called  hereafter  "  flour  X"  and  "  flour  P," 
covi-esponding  to  bread  X  and  bread  P, 

From  an  examination  of  these  tables  it  will  be  seen  that  in  regard 
to  the  proteid  constituents  flour  P  is  alnive  the  average  of  the  patent 

"See  esamination  of  the  flour  and  bread  of  the  baking  test,  p.  48,  and  Table  IS. 
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flours  from  northwestern  haixl  spring  wheat,  the  siinui  bein^;  true  hUo 
of  the  absorption  and  expansion.  On  the  other  hand,  flour  X  is 
about  equally  below  the  average  of  1902  durum  wheat  patent  flours, 
being  about  equal  to  the  general  average  for  the  two  years  1!'0^  and 
IIKW.  The  two  flours  X  and  P,  however,  are  not  further  apart  on 
these  points  than  are  the  extremes  of  either  the  hard  spring  wheat 
patent  flours  or  the  1902durum  wheat  patent  flours.  The  two  floursare 
in  fact  the  opposite  extremes  of  their  respeetive  classes  in  regard  to 
proteid  constituents,  and  practically  so  as  to  cxpansionand  absorption. 
The  doughs  for  the  two  lots  of  brea<l  were  made  according  to  the 
following  formulje:  •  - 

Tablr  ».— fVimtti/ip /<ir  doiigh»  iiwri  in  Imfcing  tetl. 


Hilk  ... 
Lard... 


Totkl  luftredlentB . . 


As      1 

As' 

weighed 

ttar. 

Po«nrf»  ' 

Fb,.„d, 

lot 

J* 

S.5 

t!. 

;% 

1.8 

"I.S 

The  milk  was  not  aualyzed,  but  considering  an  average  milk  to  con- 
tain 12.8  per  cent  total  solids,  of  which  3.7  per  cent  is  fat  and  4.!)  per 
cent  milk  sugar,  the  amount  of  dry  matter  and  the  amount  and  per 
cent  (calculated  on  dry  matter)  of  each  ingredient  an-  given  in 
Tables  9  and  10. 

Table  10. — Amountt  and  pereentagea  of  the  ingredients  of  breada  X  and  I'. 

IngredleDt,  i  Bmtd  X.  ,  BrradP. 


nut  of  liquid  to  100  parts  of  alr^dry  floar. . . 

matter  Indongb  ..._.._ _... 

r  I  per  cent  of  total  iDirredlenls) 


From  this  table  it  is  seen  that  the  various  ingredients  of  the  bread 
were  used  in  almost  exactly  the  same  proportions.  The  amounts  used 
in  the  case  of  the  bread  P  were  those  found  by  long  experience  to 
produce  the  best  bread  from  flour  P,  so  that  every  condition  was 
the  best  for  this  flour.  In  order  to  have  the  two  breads  exactly  com- 
parable, and  the  bread  X  l^>sted  in  comiwrison  with  a  standard  loaf, 
these  conditions,  known  to  be  the  best  for  bread  P,  were  followed  for 
both  breads.     This  would  iiu<iuestionabty  1)e  to  the  advantage  of  the 
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atandnnl  bn;a<i,  tut  would  give  accurate  comparative  results  as 
desired.  The  only  conditions  modified  were  the  time  of  ini-xing,  the 
fermentation  period,  and  the  time  of  baking.  These  were  changed 
slightly,  as  considered  best  for  the  douglis,  by  the  expert  bakers  in 
charge  of  the  baking.  The  advantage  in  having  the  ingredients  of 
both  breads  exactly  the  same  is  that  both  the  loaves  themselves  and 
the  results  of  thu  analyses  are  directly  comparable. 

Three  loaves  of  each  bread  were  taken  for  analysis,  the  loaves  being 
in  each  ease  an  average  of  the  entire  lot.  Two  of  these  loaves  (one  of 
each  kind),  after  weighing  and  measuring,  were  cut  and  aoalyzed  14 
hours  after  Ihey  were  taken  from  the  oven.  (See  PI.  IV,  fig.  1.)  Two 
other  loaves  were  similarly  treated  C8  hours  after  I>aking,  being  kept 
in  the  meantime  in  an  ordinary  room,  simply  wrapped  in  paper. 

The  third  pair  of  loaves  was  kept  under  the  same  conditions  until 
158  hours  after  baking,  whenthey  were  also  cut  and  analyzed.  The 
following  table  shows  the  weight,  volume,  aud  moisture  relations  as 
determined  on  each  of  the  six  loaves: 

Taulk  11. — WeiyM,  iiilnme.  anil  loat  r  cinteiil  of  braid  hi  Ixikiny  test. 

[Bread  biiki'd  April  HI,  IWi  K  |i.  m.) 


■ 

Bread  X. 

If 

JVr  <■(. 
W.18 

Wuight. 

422.  a 

tOXM 

Bread  p. 

«h™ 
m.7a 

Suoonil  luEilV 

14  hours  after 
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Weight. 

«K.T 
440.  H 
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Vol-^ 

3r».4 
m.7 

JVrfi. 

Vol-^ 

813.2 
ail.  4 

LuiHin 
weight 

i.se 

a  IT 

as.  el 

S.l() 

34.  ti 

Third  lout: 

aH.o 

■1 

'.la 

IBK  horn's 

-    »,«) 

.n 

11. « 

Average... 
Ratio  of  BYcmgB 
w«iBhttoavBr- 

1,41 

1 

9  luaf  leOKtbvin  i 

ire  the  so-paUed  vol 

leraga  ol  welgbts  taken  at  1 


boani  aft«r  baking. 


r  Average  low  ot  weight  In  third  loat  tor  each  S4  hi 

While  the  average  weight  of  a  loaf  of  bread  X  is  slightly  greater  ■ 
than  that  of  bread  P,  the  loaf  volume  of  X  is  nearly  the  same  as  that 
of  P.  This  makes  the  ratio  between  the  weight  and  volume  of  the 
loaf  larger  in  the  ease  of  bread  X  than  of  bread  P.  This  means  that 
bread  X  is  somewhat  more  solid  than  bread  P,  or  weighs  mora  per 
cubic  inch.  This  is  largely  accounted  for  by  considering  the  percent- 
age of  moisture  in  the  bread,  X  having  on  an  average  1.2  per  cent 
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more  moisture  than  F,  and  does  not  mean  that  X  in  what  would  be 
called  heavy,  as  is  seen  by  the  answers  to  question  No.  4  on  the  «;ircu- 
lar  letter  sent  with  the  bread.  (See  page  4!).)  The  texture  of  bread 
X  is  on  an  average  fully  equal  to  that  of  bread  P.  In  connection 
with  this  point  it  will  be  seen  that  the  average  loss  of  water  in  24 
hours,  by  standing  in  the  air,  is  less  in  X  than  in  P.  This  would 
indicate  that  the  reason  for  the  jcreater  weight  per  unit  volume  of 
bread  X  is  bei^ause  the  moisture  is  not  onlj'  more  in  actual  [n-r  eent, 
but  is  given  ui>  at  a  slower  rate  than  with  bread  P.  As  shown  in  the 
next  table,  the  abeorptiou  of  flour  X  is  likewise  slightly  more  than  of 
flour  P. 

Table  12. — Comparative  analytftt  of  fiour  and  tread  made  from  durum  wheat 
and  northwestern  spring  wheat. 


DetflrmlnmtfoD. 


ATemge  weight _ gnrait i  J.'M.W  I  4SS.40 

Average  loaf  vulmne - __ Hill.  HI)  aCTU 

LoMoTweiRbtliiUHhoara _ ,    ll.tu  ig.ll 

ArerKKe  loaa In  weisht iier SI honrn  . .  .               .     ,            _ I      i,7i  Lug 

Water. __ _ 1>it '■"Ut  .1    ia.ai  I    IS.HO      IKIii  aiT8 

AiHdity  aa lactic Keid do_..J       .!«  I       .Id  I        .;»  .m 


.-Ao... 

f^Dteids  soluble  In  TO  per  cc 

Tnatjluble  protei<iB  -  -  -  - .  - uii ,      ».  ^,  ■  n.ni     ■riu-At      "iii. « 

Total  proteirts do....|    K.?»f  \  U.«i  ]    18.43;      13.ai 

Beatuf  oombngtionpergramof  dry  matterfc ..™iori«( _..J I  t'ltt       Mgo 

AWwrptlon  (cable  coDtlmet«raoI  water  per  Untirams  of  flour) ..  |       j^  j^       U«  | 

Eipamiion  lin  cnbic  centimeters  per  1€0  grama  of  floor) ..._ WO  I       Oai  _ 


The  determliiationB  uf  the  baat  of  ombOBtion  wt>ro  nude  t>y  Mr.  E.  M.  (^hac-o,  of  Ihi-  Banv 


In  Table  12  will  be  found  the  complete  anal.vsia  no  far  as  made  of 
the  two  flours  and  of  the  two  breads.  The  results  are  placed  together 
in  one  table  in  order  that  an  easy  comparison  may  be  made  u<)t  only 
of  the  breads  but  also  of  the  flours,  and  of  the  flouii*  with  the  brea<1s 
made  from  them.  The  acidity  expressed  in  terms  of  lactit;  acid  is 
slightly  more  in  flour  P  than  in  flour  X,  whereas  the  acidity  of  brejid 
P  is  less  than  that  of  bread  X.  This  shows  that  the  fermentation 
went  a  little  further  in  bread  X  than  in  P.  It  will  be  seen  by  refer- 
ence to  Table  10  that  the  amount  of  salt  used  was  slightly  less  in  X 
than  in  P,  thus  tending  to  shorten  the  fermentation  in  P  in  compari- 
son with  that  of  X. 

The  ash  content  of  the  two  flours  is  noticeably  difEerent,  l>eing 
much  higher  in  flour  X  than  in  flour  P.  The  ash  of  flour  P  is  0,57 
per  cent,  being  slightly  above  that  of  a  correspondinj^  Minneapolis 
patent  flour,  while  the  ash  of  flour  X  is  0.8  per  cent.     As  would  bo 
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expecl^d,  the  ash  of  bread  I*  is  smaller  than  that  of  breiwl  X.  The 
IncroaHe  in  Rsh  of  the  bread  over  that  df  the  flour  from  which  it  was 
mado  In  almost  exactly  accounted  for  by  the  salt  and  other  ininera] 
matter  introduced.  The  agrettinent  is  not  so  close  in  the  relation 
between  the  fat  in  the  two  breads  and  the  fat  in  tiie  flours  plus  the 
added  (quantity  used  in  making  the  bread.  Only  one  loaf  was  ana- 
lyzed, however,  for  these  two  factors,  whereas  in  the  other  cases 
three  loaves  of  each  kind  were  analyzed,  and  the  results  given  in  the 
tables  are  the  averages  of  those  obtained. 

It  is  interesting  to  note  that  the  sugar  content  of  the  two  flours  is 
considerably  different,  considering  the  small  amount  of  sugar  (invert 
sugar  and  cane  sugar)  present  in  flour.  It  was  found  from  the  analy- 
ses o£  several  durutn  wheat  flours  that  in  general  they  contained  a 
noticeably  larger  amount  of  total  sugars  (soluble  carbohydrates)  than 
ordinary  wheat  flours.  About  the  same  difference  in  sugar  content  is 
found  in  the  breads  as  in  the  flours,  the  same  relative  amounts  of 
sugar  being  added  to  each  flour  in  making  the  bread.  This  fact  was 
generally  noticed  by  those  who  tasted  the  bread,  many  of  the  answers 
to  question  2  (see  p.  i'.>)  being  that  bread  X  was  sweeter. 

In  regard  to  the  proteid  cohstitnents  of  the  flours  and  breads,  as 
would  be  expected,  the  proteids  soluble  in  alcohol  and  in  salt  solution 
are  much  lower  in  the  bread  than  in  the  flour,  due  of  conrse  to  the 
change  in  the  proteids  during  fermentation  and  baking. 

Finally,  in  regard  to  the  food  value  of  the  breads  as  measured 
by  the  determination  of  the  heat  of  combustion,  there  is  a  difference 
in  the  heat  of  combustion  oi  the  two  breads  of  about  .'t4  calories, 
which  would  mean  approximately  an  equivalent  of  less  than  0.01 
gram  of  sugar  or  O.OOU  gram  of  proteids  iu  1  gram  of  bread,  which 
is  too  small  to  be  of  importance.  The  food  values  of  the  two  loaves 
of  bread,  therefore,  are  as  nearly  the  same  as  could  be  expected. 
In  fact  the  heat  of  combustion  of  two  corresponding  loaves  of  bread 
made  from  these  same  flours  the  week  preceding  the  final  test  was 
4,4(J2  calories  for  bread  X  and  4,434  calories  for  bread  P,  showing 
almost  as  much  difference  between  two  loaves  from  the  same  flour  as 
between  those  from  the  different  flours. 

ConclusionK. — From  tlie  preceding  chemical  examination  of  the 
bread  made  from  durum  wheat  flour,  in  comparison  with  similarly 
made  bread  from  hai-d  spring  wheat  flour,  the  following  conclusions 
seem  justifled: 

(1)  Durum  wheat  flour  produces  a  bread  that,  as  a  rule,  contains 
slightly  more  moisture  and  loses  this  moisture  at  a  slower  rate  than 
bread  ma<le  from  hard  spring  wheat  flour, 

(2)  The  average  weight  of  loaves  of  equal  loaf  volume  is  slightly 
greater  in  the  case  of  durum  wheat  flour  than  of  flour  from  hard 
spring  wheat. 

(3)  The  average  loaf  volume  of  loaves  scaled  to  the  same  weight 
when  molded  is  almost  the  same  with  the  two  kinds  of  flour.        r 

r     ..it:  .0<>ok 
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(4)  Uunim  wheat  flour  Hud  the  bread  made  from  it  contain  uotit^c- 
ably  larger  amounts  of  sugar  tiian  liard  spring  wheat  flour  or  bread. 

(5)  The  ash  content  of  durum  whoat  flour  and  bread  in  greater  than 
that  of  hard  upring  wheat  flour  or  bread. 

(G)  The  food  value  of  the  two  kinds  of  broad,  au  measured  by  the 
!ieat  of  combustion,  is  practically  the  same. 

BEPOBTS  ON  TRIALS  OF  THK  BREAD. 

The  baking  was  conducted  on  a  Kiifflciently  large  scale  to  produce 
more  than  250  loaves  from  each  flour.  This  was  done  in  order  that 
the  experiment  might  be  conducted  in  a  practical  way,  juat  as  ordinary 
commercial  bakings,  and  therefore  be  of  much  greater  value  to  the 
trade  generally,  and  also  in  order  that  an  opportunity  could  be  given 
for  a  complete  series  of  tiible  ttists  of  the  bread  by  many  people  in 
different  partu  of  the  country.  When  the  bread  was  made,  two  loaves, 
one  of  the  durum  wheat  and  one  of  the  hard  spring  wheat  flour, 
were.sent  to  each  one  of  3iiO  persons  living  ontside  of  Washington, 
D.  C.and  to  about 40  people  in  Washington,  D.  C,  for  inspection  and 
report  as  to  their  relative  merit^i.  A  reproduction  of  the  circular 
letter  accompanying  each  set  of  ioaves  is  here  given,  in  which  it  will 
be  seen  that  there  waa  no  iottmation  whatever  of  the  bakery  with 
which  the  IMpartment  cooperated  iif  the  experiments  nor  of  the 
nature  of  the  flour  from  which  the  loaves  were  made,  it  merely  being 
state<l  that  they  were  made  under  exactly  the  same  conditions  from 
two  different  flours. 

[Copy  of  i:lr«D]»r  letter  ] 

Washinoton,  D.  C,  April  JT,  inos. 
DearSik:  Thea<;compftnylnKtwoloaveaofbread,inarked"P"  and"  X,"  were 
made  in  coopenttiou  with  a  large  bakery  nnder'exoctly  the  eame  conditions,  bnt 
trum  different  flours.  To  aid  ns  In  carrying  ont  an  important  experiment,  will 
yon  kindly  give  na  yonr  opinion  of  the  relatlTe  merits  of  the  two  loaves  by  answer- 
ing the  qneations  given  below  and  adding  yonr  name  and  addreeB  in  the  spaces 
provided?  Then  ini;1(]»e  the  sheet  in  the  Tetnm  envelope  and  mail  promptly  to 
this  Department,  no  [lostage  being  required. 

Very  tmly  yonra,  M.  A.  CAaLKTON, 

Cereaiiat. 
Approved: 

A,  F.  Woods, 

Patkoloffiat  and  Physiologist. 

1.  Which  leaf  is  freaher? __.'. 

2.  Which  has  the  better  flavor? 

Z.  Which  has  the  better  color? 

4.  Which  is  better  in  teiture? 

5.  Which  iamoister?- 

6.  Which  has  a  better  cmat  in  color  and  taKte? 

7.  Which  do  yon  consider  to  be  more  nntritions? 

8.  On  the  whole,  which  one  is  the  better  loaf  of  the  two,  and  why?  .   

Bemarks: 

Address,-    - f- -i 
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The  persons  to  whom  the  loaves  were  sent  for  inapection  were  care- 
fully selected  and  include  the  moet  prominent  millers,  bakers,  flour 
inspectors,  chemists,  and  teachers  of  domestic  science.  A  consensus 
of  the  opinions  of  these  persons  ought  therefore  to  be  quite  reliable 
and  authoritative.  In  a  number  of  oases  the  persons  were  apparently 
much  interested  in  the  subject  and  voluntarily  gave  certain  informa- 
tion not  asked  for  in  the  circular  letter.  Over  200  replies  were 
received  to  this  circular  letter,  a  greater  number  than  was  expected. 
The  promptness  exhibited  in  answering  the  letters  was  also  very 
gratifying.     A  summary  of  these  reports  is  interesting. 

Out  of  the  total  number  of  persons  answering  question  No.  1,  Which 
loaf  is  fresher?  KX)  answered  in  favor  of  X,  or  the  durum  wheat  loaf; 
60  in  favor  of  P,  and  3!)  thought  there  was  no  difference.  Ooneeniing 
question  No.  2,  Which  has  the  better  flavor?  14.S  answers  were  favor- 
able to  X,  70  to  P,  and  4  thought  they  were  equal. 

Concerning  question  No.  S,  Which  has  the  better  color?  as  was  to 
be  expected,  quite  a  small  minority  of  answers  was  favorable  to  X, 
there  being  only  37,  while  150  favored  P,  and  3  thought  the  color  was 
equally  good  in  each.  As  to  question  No.  4,  Which  is  better  in  texture? 
103  decided  for  X,  84  for  P,  14  others  thinking  there  was  no  difference 
in  texture. 

As  to  the  question.  Which  is  the  moister?  134  decided  in  favor  of 
X,  53  in  favor  of  P,  and  17  tlionght  there  was  no  difference.  Ques- 
tion No.  6,  Which  has  the  i>etter  crust  in  color  and  taste?  brought 
various  answers.  In  general  78  were  in  favor  of  X,  S5  in  favor  of  P, 
and  21  thought  there  was  no  difference.  As  a  matter  of  fact,  how- 
ever, many  of  the  answers  were  divided,  as  one  might  have  supposed, 
saying,  usually,  that  in  X  the  taste  was  better  and  in  I*  tlie  colorwas 
better. 

In  asking  question  No.  7,  Which  do  you  consider  to  be  more  nutri- 
tious? it  was  not  expected  that  an  accurate  answer  eonld  always  be 
given,  though  it  was  supposed  that  in  some  cases  analyses  would  be 
made,  but  simply  from  previous  association  it  was  thought  that  each 
one  might  have  some  idea  as  to  the  belter  nutrition  of  the  one  or  the 
other.  Naturally,  therefore,  many  did  not  answer  this  question.  Of 
the  answer.s  given  106  favored  X,  35  favored  P,  and  2  thought  there 
was  no  difference. 

Finally,  as  giving  the  general  weight  of  opinion  favorable  to  on© 
loaf  or  the  other,  108  persons  answered  question  No.  8  in  favor  of 
X,  74  in  favor  of  P,  and  2  answered  that  there  was  no  difference. 
The  general  opinion,  therefore,  of  the  relative  value  of  the  durum 
wheat  loaf  as  against  thattnade  from  other  fiouris  108  to  74  in  favor 
of  ilte  durum  toheat  loaf.  As  already  observed,  however,  in  two  par- 
ticular characters,  namely,  that  of  color  and  that  of  color  and  taste 
of  the  crust,  the  answers  were  unfavorable  to  the  durum  wheat  loaf; 
in  all  other  characters  the  answera  were  in  a  lai^e  majority  of  cases 
in  favor  of  the  X  loaf. 
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As  a  uiimber  of  tests  made  by  ourselves  in  the  Departaienl  and 
preliminary  truils  made  by  the  establishment  which  did  the  baking 
seemed  to  show  rather  conclusively  that  the  particular  grade  of  durum 
wheat  flour  used  in  this  test  was  quite  inferior  to  Hour  of  the  same 
claSK  of  wheat  used  before,  it  is  extremely  interestin((  and  rather 
remarkable  that  the  general  weight  of  opinion  uf  these  competent 
persons  concerning  the  merits  of  the  two  loaves  should  be  so  decidedly 
in  favor  of  the  X  or  durum  wheat  loaf. 

To  show  the  authoritative  nal  ure  of  these  reports  on  the  samples  of 
bread  distributed,  it  will  be  proper  to  give  a  list,  as  follows,  of  the 
mtmes  and  addresses  of  persons  to  whom  the  bread  was  sent  for  exam- 
ination and  from  whom  replies  were  received.  The  list  is  clasnified  in 
accordance  with  the  occupation  of  each  person  reporting.  There  are 
omitted  from  the  list  quite  a  number  of  names  of  people  who  were 
either  well  acquainted  with  the  circumstances  accompanying  the  bak- 
ing test  or  whose  experiences  have  not  been  such  as  to  qualify  them 
for  being  good  judges  in  the  matter. 

Following  is  the  list: 
Grain  dealers: 

John  H.  Wrena  &  Co.,  Chicago.  111. 

Van  Dusen-Hanington  Company,  Minneapolia,  Minn. 

Fyfe,  ManBon  &  Co..  ChicSKo,  Dl. 

B.  Poehler  Companj',  M inneapolie,  Minn. 
Enlght,  Bonnelley  Compaay,  Chioago,  111. 
Bamnm  Grain  Company,  Minneapolis,  Minn. 

MiUera: 

W.  B.  Donwoodf,  Joplin,  Mo. 

C.  Hoffman  &  Son,  Enterprise,  Kans. 
Sorenson  &  Son,  Tower  City,  N.  Dab. 

Canadian  Connty  Mill  and  Elevator  Company,  Eireno,  Okla. 

Hongen  Milling  Company,  N'orthwood,  N.  Dak. 

Crosby  Roller  Milling  Company,  Topeka,  Kana. 

Boweraock  Milling  Company,  Liawrence.  KaiiH. 

Omaha  Milling  Comx>&ny,  Omaha,  Nebr. 

Atierdeen  Mill  Company,  Aberdeen,  S.  Dak. 

Newton  Milling  and  Elevator  Company,  Newton,  Kans, 

Lincoln  MilfCompacy,  Lincoln.  Nebr. 

Wells,  Abbot  &  Nieman,  Ord,  Nebr. 

B.  J.  Edwards,  Bunker  Hill,  Ka:ia. 

Farmers'  Mill  and  (irain  Company,  Milnor.  N.  Dak. 

SwansoD  Us  LarRim.  Feesenden,  N.  Dak. 

Hastings  MilliaK  Company,  Hastings.  Nebr. 

La  Jnnta  Milling  Company,  La  Jnnta.  Colo. 

Henry  Lohse  &  Bro. ,  Elsie,  Nebr. 

Charles  Scbreiner.  Kerrville,  Tex. 

Boseell-Miller  Milling  Company.  Minneapolis,  Minn. 

Sbeffield-King  Milling  Company.  Minneapolis,  Minn. 

Washbiim-CroBby  Company,  Minneapolis,  Minn. 

F.  K.  Wing,  Ipswich,  S.  Dak. 

George  C.  Christian,  Redfield.  S.  Dak. 

Fargo  Boiler  Mill  Company,  Fargo,  N.  Dak.  ^  i 

Arlington  Mill  Company,  Arlingt^m.  S.  Dak.  om'^ed  byCiOOglC 
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UilleTD — Conlluueil . 

Honey  BrotherB,  Park  River,  N,  Dak. 

I.  R.  Andrews.  Indianola,  Nebr. 

MisHoiiri  Valley  Millint;  Company.  Bisiuaruk,  N.  Dak. 

Moaet)  Brothers  Mill  and  Elevator  Company.  Great  Bend,  Kans. 

Bnrlington  Roller  Milk,  Bnrlin^^n,  Colo. 

New  Century  Milling  Company,  Dallas,  Tes. 

I.  M.  Yost  Milling  Company,  Hays,  Kann. 

M.  Braun  &  Co.,  Wahpeton,  N,  Dak. 

Cain  Milt  Company,  Atchison,  Kans. 

Cando  Roller  Mills,  Cando,  N.  Dak. 

E.  X.  Knight,  Kerpont,  H.  Dak. 

WagTier  Milling  Company,  Milbank,  S.  Dak. 

L.  F.  Campbell,  Norcatnr,  Kans. 

Kampeska  Milling  Company,  Watertowu,  S,  Dak. 

J,  W.  Kelley  &  Son,  Hnron,  S,  Dak. 

Imboden  Milling  Company,  Wichita.  Kans. 

Lamar  Mill  and  Elevator  Companv,  Lamar,  Colo. 

York  Roller  Mills,  York,  Nebr. 

W.  C.  LeiHtikov.  Grafton,  N.  Dak. 

Elreno  Mill  and  Elevator  Company,  Elreuu,  Ukla. 

Hay  Sprinpi  Milling  Company,  Hay  Springs,  Nebr. 

Pueblo  Plonr  Milling  and  Elevator  Comjiany,  Pueblo,  Colo 

Abilene  Mill  Company,  Abilene,  Tex. 

George  P,  Sexaner,  Brookings,  S.  Dak. 

New  Era  Milling  Company,  Arkansas  City,  Kans. 

Inter-Ocean  Mills,  Topeka,  Kans. 

Walnut  Creek  Milling  Company,  Great  Bend,  Sana. 

Texas  Star  Flour  Milts,  Galveston.  Tex. 

Ellendale  Milling  Company,  EUendale,  N.  Dak. 

Charles  L,  Hyde,  Pierre,  S.  Dak. 

Crescent  Mill  and  Elevator  Company,  Denver,  Colo. 

Oakes  Milling  Company,  Oakes.  N.  Dak. 

W.  J.  AlBOp,  Beloit,  Kans. 

Hungarian  Milling  and  Elevator  Conipany,  Denver.  Colo.' 

Werkheiser-Polk  Mill  and  Elevator  Company.  Temple,  Tei. 

Cameron  Mill  and  Elevator  Company,  Fort  Worth,  Tex. 

E.  W.  Kirkpatrick,  McKinney,  Tex. 

David  B.  Kirk  &  Co..  Kansas  City,  Mo. 

Diamond  Milling  Comjiany,  Grand  Forks,  N.  Dak, 

Guntber  Milling  Couip^my.  Ban  Antonio,  Tex, 

Lee- Warren  Milling  Company.  Salina,  Kans. 

Fonlds  Milling  Company,  Cincinnati.  Ohio. 
Bakers; 

Augaxt  C.  Junge,  Joplin,  Mo. 

.Fleischmann's  Vienna  Model  Bakery,  New  York,  N,  T. 

Ward-Mackey  Company,  Pittsburg,  Pa. 

Atlas  Bread  Company.  Milwaukee,  Wis. 

C.  H.  Burke  Baking  Company,  Nashua,  N.  H. 

S.  C.  Billings,  ValparaLso,  Ind. 

Eraser  &  McMillan,  Burlington.  Vt. 

Gordon  Smith,  Mobile,  Ala. 

J.  F.  Whiteside,  Louisville,  Ky. 

Joseph  Renther,  New  Orleans,  La. 

E.  A.  Dexter.  Springfield.  Mass.  /—  i 

DigilizeclbyV.300QlC 
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Bakers — Continued. 

B.  Howard  Smith,  Kaneas  City,  Ho. 
George  Rnsbton,  Roeedale,  Eana. 
O.  G.  Marjenhoff.  Charleston.  S.  C. 
H.  Kom  &  Sons.  Davenport,  Iowa. 
A.  A.  White.  Baltimore.  Md, 

J.  W.  Swint,  East  Boston,  Mass. 
Ferguson  Bros.,  Boston,  Haas. 

C,  F.  Hathaway,  Cambridge.  Haas. 
Charles  Trefzger,  Peoria,  Dl. 

Ohio  Baking  Company.  Cleveland,  Ohio. 
Charles  W.  Eolb,  Philadelphia.  Pa. 
Frank  B.  Shepard,  Charlestown.  Mass. 
Collins  Bating  Company,  Buffalo,  N.  Y    . 
T.  W.  Rnsaell,  Binghamton,  N.  Y. 
P,  Schmidt,  Baltimore,  Md. 
John  E.  Endlich,  Port  Hnton,  Mich. 
Horton  Baking  Company,  Detroit,  Hicb. 
S.  S.  Thompson  &  Co..  New  Haven.  Conn. 
Freibofer  Vienna  Baking  Company,  Philadelphia,  Pa 
CampbeQ-Sell  Baking  Company.  Denver,  Colo. 
John  Schneider's  Son  &  Co.,  Cincinnati;  Ohio. 
A.  A.  DnBau,  Philadelphia,  Pa. 
Teachers  and  experts  in  domestic  science: 

Prof.  Jane  A.  L.  Zabriskie,  ColleRe  of  Agricnlture,  State  University.  Colnm- 

bia..  Ho. 
Prof.  Abby  L.  Marlatt.  Manual  Training  Schix)!.  Proviilenre,  E.  I. 
Mrs.  Nellie  Kedzie-Jonen.  Berea,  Ky. 
Prof.  Anna  M.  GilchriHt,  Agricnltnral  College.  State  University,  Knozville, 

Tenu. 
Prof,  Gertrade  Cohnm,  Bradley  Poljrtechnic  Imititnte.  Peoria,  111. 
Hisa  Maria  Parliwi,  304  West  Eighty-third  street,  New  York,  N,  Y. 
Pmf,  Isabel  Bevier.  Strtt<>  University.  Urliana,  111. 
Mina  Florence  R.  Corbett,  BUpervisor  of  domestic  wience.  Kings  Connty  Hoh- 

pital,  Bnwklyn,  N.  Y. 
Hisa  Emma  S.  Jacolm,  Hannal  Training  School.  Washington,  D.  C. 
*  Prof.  Edith  A.  Mclntyre,  Agricnltnral  College,  Manhattan,  Kans. 
Prof.  Mande  M.  Gardiner,  Agrionltnral  College,  Stillwater,  Okla. 
MisH  Fannie  M.  Parmer,  School  of  Cookery,  Boston,  Mass. 
Prof.  Ellen  H.  Richanls.  MaaeBchnaettn  Institute  of  Technology,  Boston,  Mase. 
Hiss  Sopbronia  Maria  Elliott.  Simmons  College,  Boston,  Mass. 
Prof.  Snaan  H.  Beid,  Agricnltnral  College,  Fargo,  N.  Dak. 
Prof.  Minnie  A.  Stoner.  College  of  Agricnltnre,  State  University.  Colnmbns. 

Ohio. 
Miss  Lillian  M.  Wilson,  Tome  Institute,  Port  Deposit.  Md. 
Mrs.  Hary  J.  Lincoln,  editor  American  Kitchen  Magazine.  28  Oliver  street, 

Boston,  Hass. 
Mrs,  Sarah  T.  Borer,  Philadelphia  Cooking  School,   171o  Chestnnt  street, 

Pbiladelphia,  Pa. 
Prof.  Jtmiata  L.  Shepperd,  Agricultural  College,  St.  Anthony  Park,  Minn. 
Cbemiets  and  flonr  experts: 

Dr.  H.  W.  Wiley.  Department  of  Agricnltnre.  Washington,  D.  C. 

C.  E.  Foster, flour  esptrt.  Conanlidatfd  Milling  Company, Minneapolis,  Minn. 

Prof.  Harry  Snyder^  Agricnltnnil  College,  St.  Anthony  Park,  Minn. 


."ioot^le 


54  COMMERCIAL   STATUS    OF   BURDM   WHEAT. 

Chemists  &nd  flour  experts —Continued. 

John  H.  Jolicher.  flour  export,  Plllflbtiry-Waalihtim  Flour  Milla  Company, 
Minnea[)olia.  Minn. 

Prof.  J.  H.  Shepard,  A^cnltural  College.  Brot^tinga.  S.  Dak. 

Prof.  E.  F.  Ladil,  Agricultural  Collage.  Fargo,  N.  Dak. 

Prof.  J.  T,  Wlllard,  Agricnltural  ColleKe,  Manhattan,  Kans. 
Technical  journals: 

Roller  Mill,  Buffalo.  N.  Y. 

Modern  Miller,  St.  Louis,  Mo. 

Baker's  Helper.  Chicago.  111. 

American  Miller,  Chicago.  111. 

Of  the  six  grain  dealers  reporting  fonr  considered  the  durum  wheat 
loaf  X  to  be  the  better,  while  the  other  two  favored  the  hard  spring 
wheat  loaf  P. 

The  number  of  millers  to  whom  the  samples  were  sent  was  lai^er 
than  that  of  any  other  class.  As  would  be  expected,  particularly 
with  a  new  grain,  the  majority  of  the  millers  favored  the  loaf  F,  the 
result  standing  3S  to  25  in  favor  of  P,  while  a  number  gave  no  decided 
opinion  either  way.  In  the  face  of  much  opposition  by  many  millers 
tu  the  durum  whe»t  up  to  that  time,  it  is  a  surprise  that  there  should 
be  80  small  a  majority  in  favor  of  the  loaf  P,  unless  it  be  that  such 
opposition  was  not  well  founded.  It  is  of  interest  to  note  also  that  a 
large  number  of  those  deciding  against  the  loaf  X  are  millers  residing 
in  the  soft  winter  wheat  district.  On  the  other  hand,  a  lai^e  number 
of  those  favoring  the  loaf  X  are  millers  of  hard  winter  wheat. 

Of  the  bakers  to  whom  samples  were  sent,  33  made  reports,  18  decid- 
ing in  favor  of  the  loaf  P,  13  favoring  the  loaf  X,  and  2  giving  no 
decided  opinion.  Here  again  the  majority  in  favor  of  the  loaf  P  is 
not  nearly  so  large  as  one  would  expect  in  conHideration  of  the  decided 
preference  among  bakers  generally  for  a  white  flour  and  a  whit©  loaf. 
It  is  a  fact  of  the  utmost  importance  that  in  the  reports  of  both  the 
bakers  and  the  millers,  if  one  were  to  leave  out  entirely  the  one  quality 
of  color,  there  would  be  a  verj'  large  majority  decidedly  in  favor  of 
the  loaf  X,  it  being  so  much  better  in  all  other  important  points.  In 
very  many  instances  the  statement  was  made  that  while  the  party 
personally  preferred  the  loaf  X,  and  that  in  all  essential  points  it  was 
i-eally  the  b(?tter,  yet  commercially  tlie  loaf  P  would  be  better.  As 
the  important  thing  with  the  baker  or  miller  is,  of  course,  the  money 
value  of  the  flour  or  bread,  these  reports  were  all  set  down  as  in  favor 
of  the  loaf  P,  though,  as  a  matter  of  fact,  judging  from  the  intrinsic 
value,  the  decision  would  really  lie  in  favor  of  the  loaf  X.  When  we 
consider,  as  discussed  later  on,  the  relative  nature  of  the  quality  of 
color — it  being  so  easy  to  produce  a  loaf  whiter  or  more  yellow  as  one 
choos<^s — the  conclusion  is  inevitable  that  the  reports  of  even  the 
bakers  and  millers,  who  are  the  persons  most  concerned  in  handling 
the  wheat,  are,  as  a  matter  of  fact,  overwhelmingly  in  favor  of  the  X 
loaf. 

Now  we  come  to  the  class  of  peo])le  who  ^re  perhaps  really  more 
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competent  to  give  exact  opinions  of  the  relative  value  of  the  two 
kinds  of  bread  than  any  of  those  already  mentioned,  namely,  the 
teachers  and  experts  in  domestic  science,  since  they  are  not  infln- 
eneed  from  the  financial  standpoint  and  therefore  do  not  consider 
seriously  the  trade  value  of  the  comparatively  unimportant  quality 
of  color.  At  the  same  time  they  have  studied  carefully  l>oth  what  is 
actually  wanted  in  the  home  from  the  standpoint  of  attractiveness 
and  t-aste  and  also  the  actual  dietetic  value  of  different  kinds  of  bread. 
It  is  significant,  therefore,  to  note  that  of  the  20  jiersons  of  this  class 
reporting  upon  the  samples  12  decided  in  favor  of  the  loaf  X  and  4  in 
favor  of  the  loaf  P,  while  the  remaining  4  gave  no  decided  prefer- 
ence, making  a  majority  of  4  in  favor  of  the  loaf  X  out  of  the  entire 
number  reporting. 

Of  the  7  chemists  and  flour  experts  reporting  2  gave  an  opinion 
simply  upon  the  household  use  of  the  bread  without  regard  to  the 
technical  qualities  of  the  two  kinds,  and  their  answers  are,  therefore, 
not  reckoned,  although  they  were  in  favor  of  the  loaf  X.  Of  the 
remaining  five,  3  decided  in  favor  of'the  loaf  X  and  2  in  favor  of 
the  loaf  P. 

Of  the  technical  journals  reporting  2  favore<l  the  loaf  P,  1  the  loaf 
X,  and  the  fourth  gave  no  decided  preference. 

Quotations  from  particuiarly  mi^.resUng  reports. — It  will  now  be 
well  to  give  in  detail  some  of  the  reasons  for  deciding  in  favor  of  the 
loaf  X  on  the  part  of  a  number  of  those  who  so  reported.  First, 
answers  from  two  of  the  grain  dealers  will  be  noted,  one  stating  that 
X  is  the  better  of  the  two  loaves  because  it  "is  lighter  and  not  so 
8o^y  as  P,  and  is  apparently  made  better;  i*  has  not  the  life  of  X." 
The  other  answers  that  "there  is  a  marked  diflference,  as  indicated 
above,  in  favor  of  X.  I  eat  bread  for  pleasure  and  not  as  a  medi- 
cine.    X  is  delicious;  P  is  not." 

Some  of  the  answers  from  millers  are  as  follows:  (1)  "X  is  better 
on  account  of  being  fresher  and  moister  and  baa  the  better  flavor, 
while  P  is  whiter  and  has  a  better  crust.  Neither  of  the  loaves  seems 
to  be  made  from  Kansas  hard  winter  wheat  flour,  as  they  lack  the 
nutty,  sweet  taste."  (2)  "  X  has  retained  moisture  better,  has  thinner 
crust  and  better  flavor,  and  is  one-half  ounce  heavier,  which,  if  the 
same  amount  of  flour  was  used,  is  in  its  favor.  Would  judge  that  X 
is  made  from  hard  wheat  and  P  from  soft.  Are  we  correct?"  (:J)  "  X 
has  better  strength  and  is  more  nutritious.  My  opinion  is  that  the 
loaf  marked  X  is  made  from  hard  winter  wheat.  Would  you  kindly 
inform  me  how  near  I  am  correct?"  (4)  "X  is  better.  We  judge  it 
is  made  of  hard  wheat,  while  P  is  made  of  soft  wheat." 

We  quote  from  reports  of  the  bakers  as  follows:  (1)  "X  is  better 
because  it  is  better  in  all  the  points  but  color  and  will  keep  longer 
than  P."  (2)  "X  is  the  better  loaf;  flonr  should  be  tried  without 
shortening  of  any  kind;  flour,  j'east,  salt,  and  water  only  should  be 
used.     P  makes  a  larger  loaf,  and  by  the  proper  experiment  (?)  in 
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bftking  might  be  of  greater  oommcrcial  value  to  tlu^  hakor."  (3)  "X 
would  sell  better,  because  of  a  rich  appoavauce ;  looks  like  a  good 
spring  wheat,  while  I*  looks  like  a  winter  wheat.  P  would  not  give 
sogood  a  yield;  would  not  take  aa  much  water."  (4)  "  X  is  the  better 
if  you  eat  with  your  palate;  P  if  you  t.aste  with  your  eyes,"  (5)  "X 
is  more  even  and  better  molded;  better  fermoutation.  A  straight 
dough  with  less  fermentation  would  improve  this  loaf,  it  seemn  to 
us."  (6)  "I  think  X  is  better  because  it  ha.s  more  l>ody."  (7)  "We 
find  X  the  better  loaf  of  the  two,  being  fresher,  moister,  and  better 
in  flavor,  wilor,  texture,  and  in  color  and  taste  of  the  ciist." 

A  teacher  of  domestic  science  answers  the  (jueHtions  in  the  circular 
letter  as  follows,  viz:  "(1)  'P.*  (2)  'X' has  rich  nutty  flavor,  while 'P' 
tastes  sour.  (3)  'X;'  ('P'  is  more  nearly  white).  (4)  '  X  '  has  fine, 
even-sized  cells;  walls  elastic.  (5)  '  P.'  {(>)  'X'  is  smooth,  firm,  and 
sweet.  (7)  Answer  must  be  a  guess — '  X.'  (8)  '  X,'  in  my  judgment, 
is  the  better  loaf,  in  flavor  being  nntly  and  not  coarse  in  texture. 
The  question  of  color  is  not  so  important  as  flavor  and  texture,  there- 
fore, though  '  P '  is  more  nearly  whit^e,  I  prefer  ■  the  yellow-white  hue 
of 'X.'" 

A  second  teacher,  in  answer  to  question  No.  H,  says:  " '  X,'  l>ecause 
the  grain  is  finer  and  more  uniform,  the  te.^tun«  firmer  and  more 
elastic,  the  flavor  sweeter  and  moi-e  satisfactory,  and  has  evidence  of 
being  a  better  mixed  dough.  CVnmb  when  rolled  between  fingers 
does  not  pack  as  '  P '  does." 

A  thir<l  teacher  says:  "  '  X  '  is  Itetter;  it  is  an  evenly  porous,  moist 
loaf  with  a  decided  but  not  objectionable  flavor,  Ixiaf  '  P '  is  lighter 
in  weight  but  larger  in  bulk  than  loaf  '  X.'  '  1"  weighed  15  ounces 
light;  'X'  ISi  ounces  heavy,  due  probably  t^i  loss  of  moisture,  as  'P' 
is  drier." 

Another  tewher,  a  well-known  writicr  in  domestic  science,  says: 
'* '  X '  is  bett.er,  l)ecause  it  will  wear  l)etter;  will  require  less  a<ldittoti 
of  butter  or  jam  to  make  it  palatable." 

Another  says:  "'X'  is  better,  l>eeausethe  lexliire  is  finer,  showing 
more  even  distribution  of  gas  and  less  coarse;  more  of  wheat  pres- 
ent, giving  color,  flavor  less  like  sawdust.  liett'Cr  bake^l,  less  salvy 
or  clammy," 

Another  states  that  "  'X'  is  l)etter,  as  it  seems  to  have  more  sub- 
stance and  is  less  dry  and  less  chippy  than  '  P.'" 

The  following  reports  from  two  of  the  chemists  and  flour  expert* 
have  alrea<ly  been  ma<le  public  through  correspondence  in  the  North- 
western Miller  (see  issue  of  October  7,  IW-i),  and  are  here  reprocluced 
as  follows,  viz: 

Ri-pori  .\'i,  !. 

Qnertinii  Ni>.  I.  No  Bpparent  ilifferen'-i' when  rcci-ivi'd  May  I:  X sliiiwe<l biRher 
nunBtnre  crmt'nt. 

QneHtioa  No.  2.  X  iutmeil  to  liold  itn  fltivirlicttcr. 

QnentioD  Nn.  8.  P,  white:  X,  Bliifht  vi-llnw  tinitp:  X.  Iwliwr  <iil.ir.  -  i 
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QncBtion  No.  4.  X. 

Qnestion  No.  5.  Water— May  2,  1903— it  p.m..  X  showed  33.40  and  P  32.80  per 

Qaeation  No.  6.  X. 

QoeBtion  No.  7.  Can  not  be  told  from  inspectiaa. 

Qaeetion  No.  H.  X,  more  normal  loaf,  better  fermentation  development:  P, 
cmst  more  like  a  cracker. 

Remarks:  Total  proteida  (on  dry  Biatter)'-X.  13.01  per  cent;  P,  13.87  per  cent. 
AehandBalt— X,  2.33  per  cent:  P.  2.04  per  cent.  Weight  when  received  Kay  I. 
1  p.  m.— P.  388.50  grams,  43.20  per  cent  water;  X,  434.40  grame,  43.60  per  cent 
water.    Size  of  loaf— P,  14|  by  30^  inches:  X.  I4|  by  ZOHnches  (one  comer  low). 

Report  A'o.  .'. 

Qneetion  No.  1.  X  loaf  is  perfectly  sweet:  P  loaf  is  musty. 

Qnestion  No.  3.  X  has  the  better  flavor. 

Qnestion  No.  .1.  P  is  the  whiter:  X  is  creamy  white,  an  indication  of  high 
qnality. 

Qnestion  No.  4.  P  loaf  has  the  better  texture. 

QneetioTi  No.  5.  P  loaf,  44.79  per  cent  water;  X  loaf,  44. 5K  per  cent  water. 

Question  No.  9.  X  leaf  is  decidedly  the  better. 

Qnestion  No.  7.  X  loaf  not  analyzed:  X,  13  per  cent  proteiils  only:  P,  14.04  i>er 
cent  proteids. 

Question  No.  K  X  loaf  appears  tn  have  been  made  from  spring  wheat  flonr  of 
good  quality.  P  loaf  is  a  blend  of  spring  and  winter  wheat  flonr.  A  gray  white 
in  the  loaf  is  the  indication  of  inferior  qnality  in  flonr.  X  loaf  shows  that  fer* 
mentation  has  not  been  continned  long  enongh  to  destroy  the  nntritions  e1ement)<. 

Remarks:  A  little  explanation  is  dne.  as  I  started  to  fill  out  yonr  blanks  before 
thorough  investigation.  The  X  loaf  has  3.20  per  cent  salt,  and  P  2.03  per  cent. 
X  has  44.58  per  cent  moistnre,  and  P  44,70  per  cent,  so  it  is  (ilear  that  fermenta- 
tion had  not  proceeded  as  far  in  X  as  in  P.  being  retarded  by  extra  salt  and  a 
tighter  sponge.  The  prot^-ids  l)eing  highi  r  in  the  P  loaf  seems  to  spoil  my  asser- 
tion on  blank  as  to  nntrition;  however,  conditions  lieing  eiinal,  I  should  claim 

In  size  X  eqoals  3.'5.10  by  1.1.4.")  inches;  P  eqnals  34.00  by  l.^j.lO  inches.  tVilor  of 
X  yellow  white,  textnre  fair,  flavor  good.  Color  of  P,  gray  whit*';  t^-xtnre,  good: 
flavor,  flftt(?)  mnst;. 

It  will  be  of  further  interest  to  quote  portions  of  tlie  reiiorts  of 
others  who  really  decided  againnt  the  loaf  X,  becausi'  of  certain  «i)j;- 
niflc^nt  statementa  made  or  because  of  the  ;>;en«ral  importance  of  the 
remarks.  An  answer  of  one  of  the  milling  journals  is  that  "  F  is  the 
better  loaf  eommercially,  because  whiter  and  it  looks  lighter,  hut  X 
would  satisfy  the  family  better  where  home  baking  is  carrie<l  on." 
One  of  the  best-known  writers  on  cooking  and  domestic  science,  after 
filling  oot  the  report,  eomments  as  follows: 

I  snppoM  yon  realize  that  bread  made  as  were  these  two  loaves  does  not  give 
the  best  resnlts.  If  the  bread  Wis  not  risen  somucb.wafl  made  in  nmaller  loaves, 
and  was  baked  more  thoroughly,  giving  less  cmmb  and  more  crust,  I  am  inclined 
to  think  that  X  wonld  lose  that  wild  taste  andcomeont  of  the  oven  a  sweet,  nntty 
loaf.  Coold  yoa  not  have  the  flonrs  tried  with  real  French  bread  or  family  bread 
made  in  small  loaves  and  thoroughly  baked?  It  is  wonderful  the  difference  that 
the  shape  and  idze  of  the  loaf  and  the  baking  makea  in  the  flavor  of  the  wheat. 
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Of  course  it  is  nnderBtooil  akr>  that  the  dongh  shall  not  be  raised  so  much  as  to 
destroy  the  fine  flavor  of  the  wheat.  Aa  a  nation  we  need  to  learn  the  value  of 
the  small  loaf,  not  too  mnch  risen  and  thoroughly  baked  at  a  fairly  high  temper- 

A  well-known  baking  company  in  Philadelphia  comments  as  fol- 
lows: "V  is  the  better  loaf  because  of  the  fact  that  the  loaf  marked  X 
was  taken  before  given  proper  proof.  It  is  our  opinion  that  had  the 
dough  of  the  loaf  marked  X  had  proper  proof — that  is  to  say,  a  little 
more  proof— it  would  have  made  the  better  loaf  of  bread." 

Another  prominent  baking  company  states  that  "the  loaf  marked 
'  P '  is  the  better  loaf  of  the  two.  The  loaf  marked  '  X '  seemed  to  be 
richer  in  sugar  and  fat.  The  color  of  the  crumb  in  '  X '  is  too  yellow  or 
creamy  and  that  of  'P' could  be  a  little  more  creamy.  A  little  less 
sugar  and  shortening  in  baking  the  'X'  flour  might  give  the  same 
results  as  in  the  'P.'" 

A  New  York  baker  writes:  "Pisthe  better  loaf,  because  of  its  pure 
milk  ingredient  as  against  the  greasier  shortening  in  X."" 

A  Texas  milling  company  says  that  "  P  has  the  better  appearance 
and  smells  and  tastes  more  natural.  Both  loaves  are  very  good 
bread,  but  X  tastes  and  smells  like  bread  made  from  very  hard  wheat 
flour." 

vVnother  Texas  milling  company  writes  that  "P  is  the  better  loaf, 
because  it  is  more  moist,  having  a  flavor  similar  to  bread  made  with 
milk.  It  is  whiter  and  better  developed.  The  loaf  X  seems  to  be 
made  of  a  strong  hard  wheat  flour,  which  makes  a  large  loaf,  biit 
dries  quickly  when  exposed  to  air."     (See  Table"  11.) 

A  North  Dakota  milling  company  makes  the  following  rather  inter- 
esting comment: 

P  ia  the  better  loaf.  These  two  loaves  are  just  like  two  we  had  on  a  test  from 
macaroni  flonr  and  Blnestem  flour.  In  our  test  we  found  the  Blnestem  flour 
made  somewhat  the  larger  loaf  and  weighed  a  little  more.  I  think  X  is  made 
from  macaroni  flour  and  will  hold  nioisture  longer.  Macaroni  wheat  will  not 
make  aa  much  flonr  per  bushel,  thongh,  by  .'>  pounds. 

RESULTS   OF   OTHER  TESTS. 

Other  bakeries  in  Washington,  D.  C,  made  trials  at  the  durum 
wheat  flour  for  bread  with  results  rather  similar  to  those  obtained  in 
the  large  baking  tests  already  described.  A  considerable  amount  of 
durum  wheat  flour  milled  by  another  prominent  milling  company  in 
Miuneaimlis  was  afterwards  obtained  by  the  Department  of  Agricul- 
ture and  distributed  to  several  bakeries  and  also  to  a  number  of  fami- 
lies. Some  of  this  flour  was  used  in  another  baking  test  by  the  firm 
which  cooperated  in  the  tests  described  in  this  bulletin,  and  the  results 
were  even  more  satis  fac  tor j''than  in  previous  tests.  This  flour  appeared 
to  be  the  l>est  that  had  yet  been  tised  in  any  of  the  baking  tests  with 

"Asainatt«r  of  fact,  the  same  kinds  rti  I  a-noantanf  ingredients,  proportionally, 
were  used  in  both  cases.     (See  Table  I  i. ) 
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which  the  Department  v&tt  cuDceroed.  A  chemical  examioation  of 
this  flour  was  made  along  with  other  flours  and  is  reported  in  the  pre- 
ceding chapter  on  that  subject.  (The  bread  from  this  second  flour  is 
UluBtrated  in  Plate  V.) 

During  1903,  a  number  ot  experiments  were  made  by  Prof.  Geoi^ 
L.  Teller,  of  Chicago,  in  the  use  of  durum  wheat  flonr  for  bread  in 
comparison  with  other  flonrs.  As  one  of  these  series  of  experiments 
is  particularly  interesting  and  bears  closely  upon  the  subject  under 
discussion,  it  will  be  desirable  to  qiiot^  tite  published  results  from  the 
American  Miller  of  October,  1903.  Professor  Teller  published  these 
results  under  the  title  "Flour  from  Macaroni  Wheat."  A  portion  of 
the  article  is  here  presented  as  follows: 

In  these  experiments  the  macaroni  wheat  flour  wae  nsedin  connection  with  one 
or  thebeethnown  brandsof  Minneapolis  spring  wheat  patent  flonr  purchased  from 
a  large  grocery  in  Chicago.  Being  naed  as  a  basis  of  comparison  in  the  report 
it  is  called  "standard  flonr."  The  other  flonrs  are  shown  in  the  report  by  num- 
bers, and  are  as  follows: 

No.  1  is  a  sample  of  pnre  macaroni  wheat  Sonr. 

No.  2  is  a  floar  produced  by  blending  one  part  of  macaroni  wheat  flonr  with 
two  parts  of  the  standard  flonr. 

No.  3  is  the  same  as  No.  S,  except  that  instead  of  mixing  the  two  flours  in  the 
dry  before  maldiig  them  into  bread  the  macaroni  was  flrst  made  into  a  sponge. 
and  when  the  sponge  had  properly  developed  the  remaining  flonr  (the  standard 
spring  patent)  was  added  to  complete  the  dongh. 

Comparative  reaulU. 


Qlnten per  cent-. i 

Ash _ _ do.. ..I 

AbsarpHoii -dii —  I 

Color - 1L_ 

Loaves perharrdJ  lOO         Iflo.e      100  lim 

Bizeotthsknf...- -.- - 100       i    ftt.B    l    W.S    ,    10(1 

QuUtj' of  the  loat lOO  9B  lOO       i    lin 

Avenwoviane __ _ __ _ 100  flS.l    ■    Ss.5         M.8 

The  macaroni  wheat  flonr  has  a  much  higher  ash  and  a  little  lower  gluten 
than.the  Btandari).  The  absorption  is  1  per  cent  more,  bnt  the  flour  was  enough 
drier  to  make  them  ordinarily  abont  f^qnal  in  this  resp!H.'t.  The  colnr.  tbongh  of 
a  very  dark  shade,  la  quite  clear,  so  that  the  dark  color  of  the  loaf  is  much  less 
objectionable  than  it  would  he  if  due  to  the  presence  of  a  lower  grade  of  flcnr. 
The  loaf  of  the  macaroni  wheat  flour  is  considerably  smaller  than  that  of  the 
standard,  bat  except  for  the  darker  color  is  of  go:)d  quality," 

'On  this  paragraph  the  writers  wonld  remark  that  the  statements  coru'eming 
glnt-n  content,  absorj  tion,  ind  color  of  the  flour  certainly  could  not  be  made  of 
general  application,  however  trwe  they  may  be  with  respect  to  thsHe  particular 
experiments.  Ordinarily  the  gluten  content  is  higberin  the  dnmm  TCheats  when 
grown  in  the  localities  to  which  they  areadapted,  and  in  normal  seasons  the  absorp- 
tion would  be  still  greater  than  the  difference  shown  in  these  experiments.  Bnt 
it  is  particularly  erroneous  in  general  to  say  that  the  dnnim  wheat  bread  or  flour 
is  dark.  It  is  simply  more  creamy  in  color,  as  stated  in  the  next  paragraph,  bnt 
wonld  have  to  be  grayish  or  brown  to  be  considered  dark.  1 0(1*^^10 
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By  UBinfc  the  maoaront  floor  in  the  sponge  and  the  eprinfi;  wheat  patent  to  com- 
plete the  tloiiKh  the  loaf  wax  as  ]arf;c  OJi  that  from  the  epring  wheat  patent  alone, 
and  in  quality  was  eqiial  to  it  in  all  particulars.!-  The  bi-ead  was  u  little  more 
creamy  in  color,  which  improved  the  appearance  rather  than  injured  it.    •    •    • 

NotwithBtanding  the  rigorona  oppodtiou  which  macaroni  wheat  baa  developed 
in  certain  eectiona.  it  is  quite  apparent  at  the  present  time  that  flour  from  this 
wheat  will  serve  a  nseful  purpose  in  bread  making. 

In  the  numerous  family  bakings,  whenever  a  sponti;e  was  made, 
it  was  always  a  particular  _surpri8e  that  such  a  large  loaf  could  he 
obtained.  There  was  usually  little  difference  in  tho  size  of  the  loaf 
and  that  of  bread  made  from  any  ordinary  good  flour. 

It  will  i)e  of  interest  in  this  connection  to  quote  the  results  of  a 
test  of  this  kind  of  flour  made  independently  by  a  well-known  Minne- 
apolis bakery.  In  the  following  st:atement  is  tpioted  a  portion  of  the 
report  of  this  test,  tiaken  from  the  Minneapolis  Journal  of  September 
1,  1!103: 

Angnst  .11, 1903.  Dough  No.  1,  special  bread  made  from  pure  macaroni  wheat 
flour,  Khould  produce  :Hi  leaven;  prodncpd  37  loaves.  Qnantity:  24  pounds  maca- 
roni wheat  patent  flour,  i  pound  lard,  fi  ouucef?  Halt.  3  ounces  sugar,  18  poundn 
water,  4  ounces  yeast.     Dongh  made  at  6  a.  tn.     Temperatnre,  84^  F.     Dongh 

Macaroni  blend  bread.  Date,  August  31.  1903.  Dongh  No.  3,  special  blend 
bread.  Quantity:  11  pounds  flour.  13  pounds  macaroni  wheat  flonr,  8  pounds 
water  for  i<i>onge,  H  pounds  water  for  dough,  { imund  lard.  0  ounces  salt.  3  ounces 
Bngar,  ;t  ounces  yeaat.  Sponge  set  at  0.10  a.  m.  Temperature,  M'  F.  Dongh  made 
9.30  a.  m.     Temperature,  84'  F.     Dongh  taken  at  12  m. 

The  foreman  of  the  bakery  sjiys,  concerning  the  tests: 
I  hereby  certify  that  I  havf  made  bread  out  of  pure  macaroni  wheat  flonr  and 
also  out  of  a  blend  of  one-half  luacnroiii  wlieat  and  one-half  hard-wheat  patent 
flour,  and  that  I  lilt<i  the  macaroni  bread  very  much  indeed.  The  bread  is  a  little 
more  cream  coloreil  than  hard-wheat  bread  and  looks  as  though  the  sponge  had 
been  set  in  inilk  instead  of  wali*r,  bnt  it  is  sweeter  and  wore  nutritious  than  ordi- 
nary bread. 

REMARKS   ON   THK   VARIOUS   CHRMICAL  AN1>    BAKIN<"1    TESTS. 

The  results  of  tlio  different  chemical  and  baking  tests  of  durum 
wheat  flour  for  bread  in  comparison  with  good  hai-d  spring  wheat  and 
hard  winter  wheat  seem  to  justify  the  following  general  conclusions 
concerning  the  use  of  durum  wheat  flour.  In  general,  the  least  that 
can  Ix^  Siiid  of  the  durum  wheat  flour  is  that  on  an  average  it  makes 
as  gowl  breml  as  the  average  of  hard  spring  and  hanl  winter  wheat 
floui-s.  It  has  Iwen  seen  already  in  the  discussion  of  the  chemical 
tests  of  the  different  flours  that  there  js  often  very  little  difference  in 
quality  between  the  durum  wheat  and  the  other  hard  wheat  flonrs. 
Als<»,  one  of  the  most  striking  things  about  the  reports  on  the  samples 

"  With  the  usf  of  a  sjioiige  perhaps  the  pure  dumiii  wheat  flonr  wimld  still  have 
made  just  as  large  a  Innf.     (Kee  the  second  following  paragraph.) 
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of  bread  distributed  in  the  large  bakiiig  test  iu  that  so  often  very  littli; 
difference  could  be  detected  between  the  two  kinds  of  broad.  Some- 
times even  in  tasting  the  bread,  if  the  party  were  blindfolded  he  wonid 
make  a  mistake  in  decidin^^  which  was  tho  durum  wheat  bread  and 
which  the  ordinary  bread.  As  already  stated  in  preceding  pages,  prob- 
ably the  chief  reason  for  the  similarity  of  the  durum  wheat  flour  and 
bread  to  that  of  ordinary  hard  wheat  in  all  tho  different  tents  mado  at 
this  time  is  that  the  past  two  seasons  in  the  West  and  Northwest  have 
been  unusually  wet,  the  humidity  particularly  being  unusually  great 
in  many  localities.  As  the  durum  wheat  is  especially  adapted  to  dry 
r^lons,  such  seasons  would,  of  course,  tend  to  bring  it  down  to  a  level 
with  the  ordinary  hard  wheat.  At  the  same  time  there  are  certain 
apacial  qualities  in  which  the  durum  wheat  bread  is  much  superior  to 
any  other  bread.     These  are  as  follows: 

(1)  All  the  testimony  is  to  the  effect  that  the  durum  wheat  bread  is 
considerably  sweeter,  when  the  same  amount  of  sugar  is  used  in  the 
dough,  than  bread  made  from  other  hard  wheats.  A  member  of  a 
reliable  baking  company  huM  informed  the  writers  ihat  if  a  cei'tain 
quality  of  durum  wheat  could  always  be  obtained  practically  no  sugar 
would  be  needed  in  making  bread  from  it.  Even  at  the  low  price  of 
sugar  this  difference  would  amount  to  a  very  large  saving  in  expense 
where  a  large  output  of  loaves  is  mado  daily. 

('2)  A  majority  of  the  repoi-ts  shows  that  tho  durum  wheat  Hour  has 
»  greater  absorption  than  other  flours.  This  difference  will  mean 
sometimes  an  addition  of  many  loaves  to  the  barrel  of  flour,  and,  of 
course,  the  difference  would  be  very  much  greater  in  an  average  sea- 
son than  it  has  been  during  the  last  two  seasons. 

(3)  From  numerouscaref  ul  observations  on  the  loss  of  water  from  the 
different  breads,  it  is  found  that  the  durum  wheat  bread  rutain.s  much 
more  moisture  for  a  week  or  more  than  bread  made  from  other  wheats. 
Afterwards  the  daily  loss  of  water  appears  to  be  about  the  same 
in  both  kinds  of  bread.  This  again  is  a  nuitier  equally  as  important, 
probably,  as  any  of  the  others  just  mentioned.  A  loaf  of  durum 
wheat  bread  cut  from  two  to  four  dajs  aftei-  the  baking  appears  prac- 
tically as  fresh  a«  an  ordinary  loaf  of  bread  cut  one  day  after  baking. 
Such  a  quality  is,  of  course,  of  the  gi-eatest  value  in  shipping  bread 
or  in  furnishing  bread  to  the  Army  or  Navy  or  to  others  who  need 
often  to  preserve  their  bread  for  some  time. 

These  three  qualities  are,  of  course,  such  as  give  a  distinct  linancial 
gain  to  the  baker,  while  the  first  and  third  are  desirable  to  the  con- 
sumer. 

(4)  Another  important  quality  in  the  durum  wheat  bread,  at  least 
for  many  people,  is  that  with  the  same  amount  of  baking  a  much 
firmer  and  richer  crust  is  obtained.  To  many  the  crust  is  really  the 
important  part  of  the  bread,  though  there  is  a  considerable  difference 
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in  taste  in  regard  to  this  matter.     The  crust  has  a  deep  rich  brawn 
<!olor  and  a  very  agreeable  flavor. 

(5)  One  would  naturally  suppose  that  the  most  important  quality  of 
all  would  be  the  actual  taste  or  flavor  of  the  bread,  and  the  evidence 
from  all  sides  is  overwhelmingly  in  favor  of  durum  wheat  bread  from 
this  standpoint.  The  condition  is  well  stated  by  one  of  the  baking 
companies  already  quoted  in  the  statement,  "  X  is  the  better  if  you 
eat  with  your  palate;  P,  if  you  taste  with  your  eyes." 

(6)  While  there  was  no  intimation  whatever  of  the  nature  of  the 
experiment  when  the  loaves  were  distributed  for  examination  in  the 
cooperative  baking  test,  it  is  very  interesting  to  not*  how  well  a  num- 
ber of  parties  guessed  the  kind  of  wheat  from  which  each  of  the  two 
loaves  was  made,  though  it  i.s  also  true  that  in  a  few  cases  the  guesses 
were  radically  wrong.  In  nearly  all  cases  the  supposition  was  that 
the  durum  wheat  bread  was  made  from  a  rather  hard  wheat  flour  and" 
the  other  from  flour  of  a  softer  wheat.  In  a  number  of  cases  guesses 
were  made  that  there  was  more  sugar  or  shortening  iised  in  making 
thedurum  wheat  bread  than  in  the  other,  which  is,  of  course,  accounted 
for  by  the  fact  of  the  greater  amount  of  sugar  and  other  carbohydrates 
existing  naturally  in  the  durum  wheat  flour. 

THE  COLOE  OP  PLOl!R  AND  BRKAD. 

It  soon  becomes  evident  that  the  strongest  objection  made  to  durum 
wheat  flour  is  against  its  color.  Opinions  from  all  sides  show  at  once 
that  given  the  proper  color  the  bread  from  such  flour  would  meet  with 
universal  favor.  A  thorough  study  of  the  situation  further  shows, 
however,  that  the  matter  of  color  is  a  purely  relative  one  and  is 
almost  entirely  under  the  control  of  the  baker. 

It  is  evident  that  a  very  large  part  of  the  secret  of  success  in  pro-  ■ 
ducing  white  bread  is  chiefly  in  the  manipulation  of  the  dotigh.  The 
mere  mechanical  operation  of  thorough  separation  of  the  particles 
of  the  dough  has  the  effect  of  adding  wonderfully  to  the  whiteness 
of  the  bread.  It  is  important  to  note  in  this  connection  that  no 
doubt  the  reason  for  the  opinion  of  a  number  who  reported  that  the 
loaf  P  in  the  cooperative  baking  test  was  made  from  ordinary  winter 
wheat  and  not  hard  spring  wheat  is  because  of  the  fact  that  the  dongh 
was  mixed  in  a  specially  devised  mixing  machine,  which  gives  an 
immense  amount  of  mechanical  movement  and  separation  of  particles 
of  the  dough,  exposing  it  thoroughly  to  the  oxygen  of  the  air,  and 
Iheieby  giving  a  much  greater  whiteness  to  the  bread  than  is  found 
in  other  bread  made  from  the  same  flour. 

There  seems  no  doubt  at  all  now  that  the  dough  of  durum  wheat 
flour,  mixed  by  modern  processes,  will  make  bread  with  a  color 
entirely  satisfactory,  while,  of  course,  braad  made  of  a  blend  of  this 
flour  with  other  kinds  would  give  a  still  whiter  color.  At  the  same 
time  it  must  be  remembered  by  everyone  that  no  good  breadmade 
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to-day  from  western  or  uorthweBteni  wheHt  ia  whit*;,  nor  is  the  flour 
whitp.  The  writers  take  this  opportunity  to  protest  decidedly  against 
the  language  commonly  used  in  and  out  of  print  giving  the  impression 
that  there  is  such  a  thing  as  white  flour  produee<l  from  our  best  hard 
wheats.  It  is  a  well-known  fact  that  many  Minneapolis  flours,  which 
may  be  taken  as  good  standards,  are  a  creamy  color,  and  not  white, 
and  that  as  a  matter  of  fact  they  at  flrst  underweut  the  greate-st  of 
difBculty  in  becoming  established,  just  on  account  of  the  fact  that 
they  were  not  white  ftonrs.  The  durum  wheal  flour  at  most  produces 
a  bread  that  is  only  a  little  more  yellow  or  creamy  than  the  best  hard 
spring  wheat.  On  the  whole,  therefore,  the  objection  to  the  color  in 
the  durum  wheat  flour  should  no  longer  be  considered  a  valid  one. 

This  conclusion  can  be  reached  independently  of  any  results  that 
may  be  obtained  by  the  process  of  bleaching,  at  present  so  much  dis- 
cussed in  the  milling  journals. 

To  the  writers  there  seems  at  present  no  valid  reason,  from  a  com- 
mercial standpoint  or  otherwise,  for  the  process  of  bleaching,  though 
it  appears  to  be  harmless.  In  fact,  there  would  seem  to  be  a  decided 
disadvantage  in  bleaching  the  certain  well-known  brands  of  flours, 
the  people  thereby  becoming  naturally  suspicious  that  there  may  be 
some  adulteration  or  something  else  wrong  iu  the  flour,  A  bread 
made  whiter,  however,  by  simple  mechanical  manipulation  of  the 
dough  appears  to  be  improved  in  other  respecta  also;  and  if  one  really 
wishes  to  obtain  a  whiter  flour,  that  would  appear  to  be  the  better 
method  of  obtaining  it. 

CXPERIBNCR  RBQUIRED  FOK  PKRPECT  OFERATIONS. 

Coming  now  to  the  discussion  of  an  objection  on  the  part  of  millers 
to  the  use  of  this  wheat,  which  to  date  appears  to  l>e  the  only  legiti- 
mate one  yet  raised,  it  may  be  said  that  it  seems  to  be  quite  true  tliat  in 
the  beginning  of  operations  on  the  part  of  any  mill  it  costs  consid- 
erably more  and  there  is  a  considerably  larger  amount  of  waste  in 
producing  the  same  amount  of  flour  in  grinding  durum  wheat  than  in 
handling  the  hard  spring  or  hard  winter  wheats.  Keporta  from 
millers  so  far  indicate  that  the  cost  of  prodncing  a  barrel  of  durum 
wheat  flour  runs  from  10  to  15  cents  more  than  that  in  pro<lucing  a 
barrel  of  ordinary  flonr,  and  that  35  to  38  pounds  of  flour — that  is,  all 
products  exclusive  of  shorts  and  bran — are  produced  from  a  bUHhel  of 
durum  wheat,  while  40  to  44  pounds  may  be  produced  from  a  bushel 
of  hard  spring  wheat.  At  the  same  time  some  of  these  same  millers 
testify  that,  even  on  this  basis  and  at  this  stage  of  the  millers'  knowl- 
edge of  handling  the  wheat,  it  is  quite  profllable  to  use  the  durum 
wheat  on  account  of  the  much  larger  yield  jier  acre  and  the  differ- 
ence in  price  per  bushel.  It  will  be  advisable  to  quote  from  our  cor- 
respondence with  one  of  these  millers  concerning  this  matter — a 
Nebraska  miller  who  has  now  had  considerable  experience  in  grind- 
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ing  durum  wheat,  and  who  has  apparently  found  it  to  be  a  very  profit- 
able buainesa.     In  a  Jetter  of  February  20,  1904,  he  says: 

I  have  mailed  yon  to-day  samples  of  the  different  grades  of  fioor;  also  samples 
of  the  bran  aad  shorts  made  from  macaroni  wheat.  The  amonnteof  the  different 
grades  are  as  follows: 

Straight  patent,  35  poonds  per  huehel. 
First  pat«nt,  IB  ponnds  per  bushel. 
Bakers'  patent,  15  ponnda  per  bushel. 
Low  grade.  2  pounds  per  bushel. 
Braa.  11  pounds  per  bushel. 
Shorts,  IS  pounds  per  bushel. 
Loss  iu  griuding,  1  pound  per  bushel. 
The  flour  has  given  the  best  of  satisfaction  and  all  who  have  tried  it  are  highly 
pleased.     In  consequence  of  these  teats  a  large  amount  of  the  wheat  will  bi?  planted 
this  year.     1  have  sold  all  we  had  of  it  at  a  satisfactory  prlc:e.     It  makes  less  flour 
per  bushel,  but  being  a  large  yielder  it  makes  up  for  this  loss  and  leaves  it  ahead 
of  any  other  variety  as  a  flour  producer  when  the  yield  is  considered.    •    •    •    j 
am  satisfied  now  that  we  can  make  a  bett«r  showing  another  year  by  making  a 
few  changes  at  very  little  expense  which  will  add  to  the  yield  of  flour. 

In  aiiulhtir  letter  dated  Maixih  15,  11104,  the  same  writer  says:  "Aa 
to  the  cost  uf  grinding  this  wheat,  I  liave  found  it  co»t  just  one-third 
molt)  than  the  other  varieties  of  wheat." 

As  those  are  fair  samples  of  statements  received  in  various  other 
letters  from  millers  wliu  have  handle<l  the  durum  wheat,  it  will  btt 
seen  that  the  longer  the  wheat  is  handled  and  the  more  familiar  the 
miller  bveomes  witli  it  the  more  flour  he  is  likely  to  obtain  from  a 
bushel  of  wheat  at  the  same  cost.  As  one's  experience  grows  it  is 
found  that  certain  modifications  in  machinery  can  be  made  which  will 
aeeomplish  much  closer  grinding.  There  is  no  doubt,  therefore^^that 
when  two  or  three  mor*!  years  have  elapsed  the  profit  in  the  sale  of 
the  flour  from  a  bushel  of  wheat  will  very  closely  approximate  that 
obtained  from  a  bushel  of  hard  spring  wheat,  particularly  when  the 
future  increase  in  the  demand  and  price  of  the  durum  wheat  flour, 
whicli  is  almost  sui-e  to  come,  is  considered.  The  correspondence  of 
the  Dvpai'tment  of  Agriculture  shows  tliat  a  number  of  millers  who 
formerly  declined  to  have  anything  to  do  with  durum  wheat  are  now 
doing  a  profitable  business  in  handling  it  and  have  already  used  a 
comparatively  large  quantity. 

The  trials  of  this  wheat  for  making  bread  ou  the  part  of  the  bakers 
and  the  experiments  of  various  flour  experts  show  also  that  luore  and 
moi-e  experience  in  handling  the  flour  will  result  in  producing  better 
bread.  The  reader  has  already  noted  the  change  of  opinion  of  the 
Cleveland  baker  i-eferred  to  on  a  preceding  page,  who  at  first  thought 
nothing  could  be  done  with  the  flour,  but  vina  iinally  verj'  much 
please<1  with  the  results.  It  will  be  found  nearly  always  that  bet- 
ter success  in  baking  will  follow  from  the  use  of  a  regular  sponge, 
particularly  if  the  flour  is  entirely  from  durum  wheat  or  if  a  very 
large  per  cent  of  it  is  <luruiu  wheal  flour.     More  acid  is  desirable  in 
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prodaciDg  fermentation  than  in  the  uBeof  other  flour,  and  it  has  even 
been  suggested  that  possibly  a  slight  amount  of  commercial  acid 
could  be  added  to  advantage;  but  this,  of  course,  should  be  consid- 
ered at  present  as  a  matter  for  experiment. 

OTHEB  FSODUOTS  FBOK  DUBtnC  WHBAT. 

The  number  of  breakfast  foods  already  in  existence  iw  legion,  and 
it  would  hardly  seem  desirable  to  add  to  these  from  other  sources. 
However,  people  who  have  used  the  few  breakfast  foods  that  liave 
already  been  manufactnred  from  durum  wheat  testify  that  they  are 
quite  distinct  from  Others  oil  the  market  and  are  really  of  excellent 
quality.  As  probably  only  four,  five,  or  a  half  dozen  kinds  at  most 
have  yet  been  made  from  durum  wheat,  it  is  evident  that  here  is  a 
field  of  operations  very  inviting  to  the  manufacturer  and  as  yet 
scarcely  more  than  touched.  The  kinds  that  have  already  been  made 
are  rather  different  from  each  other,  and  Include,  t«  the  knowledge 
of  the  writers,  one  product  made  in  Canada  and  three  in  this  country, 
on©  of  which  is  in  the  form  of  another  well-known  breakfast  food — 
that  is,  the  whole  wheat  rolled  into  flakes.  In  flavor  these  foods  are 
just  as  superior  to  those  made  from  ordinary  wheat  as  the  flavor  of 
durum  wheat  bread  is  superior  to  that  of  ordinary  bread. 

Contrary  to  the  general  supposition,  excellent  biscuits  of  a  certain 
form  pan  also  be  made  from  durnm  wheat  flour.  They  are  compara- 
tively small  and  with  little  between  the  crusts.  What  are  known  ns 
"light  cakes,"  made  in  a  manner  similar  to  ordinary  bread,  are  also 
successfully  made  from  this  flour.  Perhaps  the  very  best  pioducta 
made  from  durum  wheat  flour,  however,  aside  from  bread,  tlmt  ai-e, 
without  any  doubt,  a  complete  success,  are  miifQmi  and  pancakes.  It 
can  not  be  questioned  that  these  products  are  far  superior  to  those 
made  from  any  other  wheat  flour.  The  muffins  appear  and  taste  con- 
siderably like  sweet  cake,  and  the  pancakes  seem  to  have  moi'e  egg  in 
them  than  similar  cakes  made  from  other  flour.  (See  PI.  V.)  Certain 
kinds  of  sweet  cake  are  ideal  when  made  from  durum  wheat  flour,  but 
of  course  some  other  kinds  that  are  intended  to  be  quite  white  within 
can  not  be  made  from  such  flour. 

FBOaBBBS  OF  THE  NXW  INSUSTST. 

In  the  nature  of  things  it  is  of  course  imp«»isible  to  obtain  statistics 
of  the  annual  production  of  a  new  crop.  Up  to  date,  therefore,  any 
reported  production  of  durum  wheat  has  necessarily  been  simply  an 
estimate.  In  the  experiments  of  the  writera,  however,  such  close 
watch  of  the  acreage  has  been  kept  from  year  to  year  that  when  it 
finally  becomes  possible  to  obtain  statistics  it  will  probably  be  found 
that  the  following  estimates  have  been  fairly  close  to  the  actual  pro- 
duction.    The  flrst  crop  of  any  considerable  amount  was  in  1001,  of 
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■which  the  yield  was  probably  not  over  100,000,  but  close  to  60,000  or 
70,000  bushels.  In  1902  ti  conservative  estimat«  would  place  the  pi-o- 
duetion  at  about  1,500,000,  although  quite  likely  it  reached  2,000,000 
bushels.  Our  estimate  of  the  crop  of  liKW  was  at  first  10,000,000  or 
12,000,000  bushels.  It  seems  more  likely  now  that  it  was  not  much 
over  (>,000,000,  but  may  have  reached  7,000,000  bushels.  At  present 
it  is  still  more  difficult  to  predict  the  amount  that  will  l)e  harvested 
the  present  season  (1904).  It  can  only  bo  said  now  that  it  promises  to 
be  about  15,000,000  bushels,  with  the  possibility  of  reaching  20,000,000 
bushels.  A  crop  of  20,000,000  bushels  would  be  an  increase  of  at  least 
two  hundred  fold  over  the  crop  of  1901 — that  is,  in  four  years — and 
at  the  same  time  would  constitute  one  twenty-fifth  of  the  entire  irheat 
crop  of  the  country  on  the  basis  of  an  average  annual  production  of 
600,000,000  bu.shels. 

IKCREASB    IN   PRODUCTION   OF   DURUM   WHEAT. 

While  the  yearly  increase  in  the  production  of  this  wheat  is  extraor- 
dinarj',  there  is  no  question  that  when  its  commercial  value  is  more 
fully  settled  in  the  minds  of  those  who  handle  it  the  demand  will  be 
such  as  to  incite  a  very  much  greater  increase,  until  finally  the  annual 
production  will  reach  its  normal  proportion  to  that  of  other  kinds  of 
wheat. 

DETERMINATION   OF   THE   BEST  VARIETIES. 

Of  course,  as  the  oultivaMon  of  the  wheat  goes  on  there  are  many 
tilings  to  be  learned.  The  ne(tessary  experience  on  the  part  of  the 
miller  and  baker  has  already  been  referred  to,  but  the  farmer  also 
will  have  lo  learn  which  are  the  best  varieties  of  this  wheat.  It  is 
known  that  about  a  dozen  different  kinds  are  now  grown  throughout 
the  country,  some  of  which  differ  from  each  other  as  much  as  the 
varieties  of  onliuary  wheat  differ,  and  it  is  already  known  that  some 
of  these  varieties  are  considerably  better  than  others,  both  in  the 
quality  of  grain  furnished  and  in  the  yield  of  the  crop.  For  the  North- 
west, the  bulk  of  the  evidence  up  to  date  is  in  favor  of  the  variety 
Kubanka.  (See  PI.  Ill,  fig.  2.)  In  the  Southwest  the  Kubatika  con- 
tinues to  be  a  veiy  good  kind,  but  two  or  three  of  the  North  African 
varieties  are  there  among  the  be-st.  Still,  other  varieties  are  under 
e.Yi)eriment  by  the  Department  of  Agriculture  at  a  few  points,  and 
it  has  already  been  found  that  two  or  three  of  these  varieties  have 
certain  unusually  good  qualities.  It  will  require  several  years  to 
determine  thoiwighly  whicli  are  tlie  few  best  varieties  for  the  differ- 
ent portions  of  the  seraiarid  districts  where  such  wheat  is  adapted. 
In  the  mejuitinie  every  effort  is  Ijeing  used -by  the  Department  to 
encourage  the  development  of  pure  seed  of  each  one  of  these  varieties 
and  in  urging  the  importance  of  keeping  all  durum  wheat  aiisolutely 
separate  from  other  kinds.     Wlicther  dealing  with  this  wheat  or  any 
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other  kind  of  grain,  the  most  importftnt  thing  of  all  is  to  keep  up  a 
constant  improvement  of  seed. 

COMMERCIAL  INSPECTION   AND  GRAIUNG. 

Mnch  has  yet  to  be  learned  by  commercial  men  of  the  actual  qual- 
ities of  the  wheat,  which  will  enable  them  more  accurately  to  inspect 
and  grade  the  grain.  This  wheat,  being  so  different  from  other  kinda, 
will  require  that  a  different  standard  be  kept  in  view  all  the  time  in 
the  work  of  inspection.  Certain  new  qualities  will  have  to  be  added 
tfl  the  regular  schedule  or  score  cards.  Also,  as  the  wheat  may  be 
used  either  for  bread  or  for  macaroni,  it  must  l>e  considered  each  time 
whether  it  is  to  be  used  for  the  one  purpose  or  the  other.  For  exam- 
ple, during  the  seasons  of  1002  and  190;J,  which  throughout  the  coun- 
try generally  were  unusually  bad  for  producing  a  really  excellent 
quality  of  durum  wheat,  the  softer  and  whiter  condition  of  the  grain 
made  it,  nevertheless,  really  better  for  handling  by  the  millers  for 
making  bread  flour,  but  at  the  same  time  tlie  wheat  was  less  suitable 
for  use  in  making  the  best  macaroni. 

DISPOSITION  OF  THE   1003  CROP. 

Through  considerable  corresjwndence  and  personal  investigation 
the  writers  are  able  to  state  aporoximately  the  disposition  of  the  last 
year's  crop,  though  of  course  no  one  could  expect  at-curacy  in  the 
matter.  On  the  basis  of  a  crop  of  6,000,000  bushels,  it  appears  that 
the  disposition  up  to  March  I,  1004,  was  about  as  follows:  On  the 
authority  of  Mr.  J.  N.  Barncard,  chief  deputy  inspector  for  Minne- 
apolis, there  were  inspected  when  going  into  that  city  from  September 
1,  10O3,  up  to  and  including  February  2'->,  1004,  S32  cars,  which,  at  an 
averse  of  1,000  bushels  per  car,  would  make  832,000  bushels.  During 
the  same  period  tliere  were  inspected  317  outgoing  cars,  or  317,000 
bushels.  It  may  be  added  that  for  the  crop  year  of  100-'-3,  ending 
August  31,  1903,  there  were  inspected  when  going  into  Minneapolis 
U7  cars,  or  187,000  bushels. 

It  is  reported  by  a  well-informed  broker  on  the  New  York  Produce 
Exchange  that  up  to  March  4, 1004,  and  since  August  of  the  preceding 
year  there  were  exported  from  New  York  something  over  340,000 
bushels.  At  the  same  time  it  is  known  that  from  50,000  to  100,000 
bushels  were  sold  for  different  purposes  in  Boston  and  other  portions 
of  New  England;  but  these  figures  only  apply  as  far  as  the  month  of 
March,  1904.  Therefore,  the  entire  amount  of  the  wheat  of  the  11)03 
crop  sold  in  Minneapolis  and  the  lake  cities,  exported  to  foreign  coun- 
tries, and  used  for  various  purposes  in  the  Eastern  States  would  prob- 
ablj'  come  cltrae  to  1,500,000  bushels.  Allowing  another  million  bushels 
for  seed,  for  feeding  to  stock,  for  breakfast  foods,  and  other  miscella- 
neous purposes,  there  remain  probably  at  least  three  and  one-half 
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million  bushels  ihat  have  beeu  ground  at  lh«  local  mills  for  bread 
flour  and  for  the  production  of  macaroni,  much  the  larger  part  of 
which  was  used  for  bread. 

MILLS  KOW  HANDLING  THE  WHEAT, 

The  number  of  mills  that  have  undertaken  the  grinding  of  the  new 
wheat  is  constantly  increasing.  Several  lai^e  mills  that  have  not 
hitherto  nsed  this  wheat  and  that  in  some  cases  have  strongly  objected 
to  the  use  of  the  wheat  are  to  be  added  to  the  list  for  the  coming  sea- 
son. The  increase  in  thedemand  for  the  wheat  has  been  particularly 
strong  in  Buffalo  and  a  fewother  points  in  the  East,  originating  solely 
in  the  desire  to  use  the  flour  for  blending  with  other  kinds  in  bread 
making.  By  the  autumn  of  1904,  there  will  no  doubt  be  at  leMt 
twenty-five  important  mills  throughout  the  country  using  durum 
wheat. 

PEICES. 

Durum  wheat  being  so  different  in  nature  from  all  other  kinds,  it 
should  not  be  expected  that  prices  would  range  in  a  series  parallel 
with  those  of  other  wheats.  At  a  time  of  special  demiuid  for  it  the 
price  may  rise  proportionally  more  rapidly  than  for  other  kinds,  but 
often  it  may  remain  stationary  or  fall  when  the  price  of  other  wheat 
ij  rising.  However,  the  general  scarcity  of  wheat  throughout  the 
country,  which  has  at  the  same  time  forced  more  attention  to  durum 
wheat,  and  therefore  caused  its  good  qualities  to  be  better  known,  has 
been  the  means  of  securing  good  prices  for  the  wheat  during  all  the 
latter  part  of  the  past  winter  and  up  to  the  present  time,  the  price 
having  ranged  from  90  cents  to  about  $1.05  per  bushel  at  Buffalo, 
N.  Y.  One  difflciilty  in  the  past,  which  will  no  doubt  soon  be  over- 
come, has  been  that  the  bakers  were  slow  at  first  to  make  use  of  the 
flour,  because  of  the  fact  that  the  difHculties  at  first  met  by  the  mill- 
ers in  handling  the  wheat  have  not  allowed  them  to  sell  the  flour  at 
an  attractive  figure  to  the  baker.  No  doubt,  as  soon  as  the  milling 
operations  for  this  wheat  are  more  accurately  adjusted  the  miller  will 
be  able  to  get  a  better  profit  and  can  offer  the  flour  at  more  attrafi- 
tive  prices,  and  this  apparently  is  all  that  is  needed,  for,  as  stated 
elsewhere,  all  trials  of  the  flour  by  bakers  so  far  known  to  the  writers 
have  given  most  excellent  results. 

THE  OUTLOOK. 

A  prediction  of  the  probable  crop  of  1904  has  been  made.  Fifteen 
or  twenty  million  bushels  of  a  wheat  which  does  not  encroach  upon 
the  regular  production  of  other  kinds  is  a  large  quantity  to  be  added 
to  the  general  production  of  this  country;  but  it  should  be  noted  that 
this  leaves  out  of  consideration  entirely  the  enormous  areas  of  the 
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semiitrid  and  even  arid  districts  admirably  adapted  to  this  ^raiii 
which  have  not  yet  been  tonehed  by  agriculture.  The  possibilities 
in  reach  of  thp  farmers  and  commercial  men  in  the  production  and 
trade  in  this  new  grain  are  not  suspected  at  present  by  the  people  in 
general.  Even  under  irrigation  the  wheat  succeeds  very  well,  but 
over  by  far  the  larger  portions  of  the  dry  districts  irrigation  will  l)e 
unnecessary,  which  can  only  be  said,  however,  of  a  very  few.drought- 
resistant  crops.  All  the  while  new  districts  of  production  are  being 
developed  and  new  trade  centers  established,  as  well  as  new  trade 
routes.  This  wheat  will  be  sold  during  the  coming  year  at  Kansas 
City,  Omaha,  and  Galveston,  as  well  as  at  Minneapolis  and  Duluth, 
and  there  will  be  a  very  large  increase  over  l^t  year  in  the  produc- 
tion of  durum  wheat  in  the  districts  tributary  to  these  points,  the 
production  last  year,  in  fact,  being  insignificant. 

Aside  from  the  export  outlet  for  durum  wheat,  either  in  the  form  of 
the  wheat  itself  or  as  semolina  in  France  and  Italy  for  the  production 
of  macaroni,  there  are,  without  question,  still  other  outlets  at  present 
not  at  all  considered  by  grain  dealers  or  millers."  In  a  number  of 
foreign  countries  where  bread  of  a  rich  flavor  is  desired  without 
regard  to  color  durum  wheat  flour  will  be  very  popular.  This,  no 
donbt,  will  he  particularly  true  in  those  districts  of'  the  Far  East 
where  there  has  been  unusually  rapid  development  iu  recent  years. 
The  increase  in  wheat  production  in  Manchuria  and  the  very  large 
increase  in  flour  production  in  the  same  country,  instead  of  injuring 
our  flour  trade  in  the  Orient,  may,  by  educating  the  native  population 
to  the  use  of  wheat  bread,  so  increase  the  demand  for  such  a  pro<iuct  as 
to  really  benefit  the  trade  of  this  country.  Present  conditions  seem  to 
indicate  that  this  is  quite  likely  to  be  the  correct  view.  Should  the 
Chinese  and  Japanese  and  other  oriental  peoples  become  fully 
acquainted  with  the  use  of  wheat  bread,  the  export  outlet  for  American 
flour,  and  particularly  for  flour  made  from  this  class  of  wheat,  would 
be,  at  least  for  a  time,  practically  unlimited.  It  would  seem,  tliere- 
fore,  to  be  greatly  to  the  interest  of  the  millers  and  grain  dealers  lo 
give  special  attention  to  the  encouragement  of  the  production  of 
durum  wheat  in  all  of  our  undeveloped  semiarid  areas.  It  is  evident 
now  that  its  increase  in  production  is  of  just  as  great  importance  to 
millers  and  shippers  as  it  is  to  the  farmer. 


"  It  is  qnite  erroneous  to  aesame  that  there  is  little  export  demand  for  dumm 
wheat  because  of  the  nmneroiig  negative  replies  given  in  recent  Daily  Consular 
KeportB  in  the  investigation  of  this  matter  hy  the  Department  of  Commerce  and 
Labor.  These  replies  were  from  points  where  a  market  for  this  wheat,  or  in  some 
cases  for  any  other  wheat,  should  not  be  expected. 
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DESOBIPTION  OF  PLATES. 

Plate  t.  Frontispiece. — A  repreBeotation  of  two  loave§  of  lireail,  one  of  whi  h 
was  made  from  duram  wheat  patent  Hour  and  the  other  from  the  best  quality  of 
north  western  hard  spnng  wheat  patent  at  the  Fame  time,  liy  the  same  bakery, 
under  the  same  conditions,  the  same  kinds  and  proportional  amounts  of  ingredi- 
ents other  than  Sour  being  used  in  each  case.  These  are  only  samples  of  scores 
of  loaves  that  presented  the  same  appearance,  showing  that  the  least  that  can  be 
said  is  that  UBually  the  durum  wheat  bread  can  scarcely  be  distin^ished  from 
bread  of  other  first-class  flour  when  baked  by  accurate  methods,  so  far  as  mere 
appearance  goes,  while  from  the  standpoint  of  flavor,  freshness,  and  texture  very 
many  people  really  prefer  the  dnmm  wheat  bread. 

Platk  II.  Samples  of  three  varieties  of  durum  wheat.  These  are  representa- 
tive samples  of  this  class  of  wheat  as  it  appears  when  grown  in  North  and  South 
Dakota. 

Platk  III.  Fig.  1. — Harvesting  durum  wheat  in  North  Dakota.  Fifteen  self- 
binders  are  shown  on  the  farm  of  Mr.  S.  Glover,  at  Glover.  N.  Dak. .  in  1903.  There 
were  8.000  acras'of  durum  wheat  grown  on  this  farm  in  that  season,  producing 
about  lOO.OOO  bushels  of  grain.  A  considerable  amount  of  this  was  of  the  Knbanka 
variety,  but  the  lai^er  part  was  of  the  variety  Arnautka,  the  kind  most  largely 
grown  in  the  Northwest.  Fig.  2,— Kubanka  durum  wheat  gr.iwing  in  western 
Kansas  in  1903.  The  cultivation  of  durum  wheat  in  western  Kansas  has  only 
begun  very  recently.  This  picture  shows  the  character  of  the  crop  during  a  wpt 
and  therefore  unfavorable  season. 

Plate  IV.  Fig.  1. ^Freshly  cut  durum  and  spring  wheat  bread  side  by  side. 
The  brea<l  is  of  the  same  baking  as  that  illustrated  in  the  frontispiece.  The  loaf 
on  the  right  was  made  from  durum  wheat  patent  Hour  and  the  other  trout  the 
best  (juality  of  r.orthw  .stern  spring  wheat  patent.  The  difference  in  texture  is 
rather  clearly  shown,  and  to  a  slight  degree  the  differenca  in  color,  though  the  lat- 
ter is  somewhat  misleading,  as  a  yellow  color  can  not  be  shown  in  a  photograph. 
Fig.  2. — Two  loaves  each  of  durum  and  spring  wheat  bread — a  later  baking.  The 
two  loaves  on  the  right  were  baked  from  dnmm  wheat  patent  flour  and  the  two 
on  the  left  from  the  best  quality  of  northwestern  spring  wheat  patent.  In  this 
case  thedurum  wheat  flour  is  of  an  entirely  different  tot  from  that  used  in  the  first 
baking  and  was  really  of  ranch  better  quality,  the  loave  i  being  as  satisfactory  in 
size.  1ightneB.><.  and  color  as  anyone  could  wish,  while  the  flavor  and  t«iture  were 
considered  by  nearly  everyone  to  be  much  better  tnan  that  of  standard  spring 
wheat  bread. 

Plate  V.  Muffins  made  from  durum  wheat  patent  dour.  These  muffins  were  so 
radically  different  from  those  matie  of  standard  spring  wheat  flour  and  so  much 
superior  in  flavor  and  testure  as  to  really  form  a  distinct  and  unique  product. 
The  picture  shows  very  clearly  their  appearance  and  at  the  same  time  the  class  of 
wheat  from  which  the  muffins  were  made. 
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N  North  Dakota. 


FiQ.  2.— KuBAMKA  Durum  Wheat  Growing  in  Western  Kansas  in  1903. 
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Fia  1.— Freshlv  Cut  Duru.*  and  Sphinq  Wheat  Bbeao  Sioe  ev  Side. 


Fig.  2.— Two  Loaves  Each  of  Durum  and  Sprinu  Wheat  Bread— A  Later  Baking. 
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Material  Sufficient  for  Four  Acres  of  Alfalfa. 
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PREFACH. 


The  great  importance  of  leguniinoim  crops  in  maintaining  and 
increasing  the  fertility  of  soils  was  long  ago  shown  to  be  due  to  the 
nitrogen-fixing  power  of  certain  bacteria  which  gain  entrance  to  and 
live  in  legume  roots.  It  is  now  generally  recognized  that  without 
these  bacteria,  legumes,  like  other  crops,  exhaust  the  soil  of  nitrogen. 
It  is  thus  a  matter  of  the  greatest  importance  in  the  cultivation  of 
these  crops  that  the  proper  bacteria  be  present  in  the  soil  under  con- 
ditions favorable  for  their  development.  The  old  method  of  inoculat- 
ing soils  by  distributing  soil  from  fields  containing  the  desired  bacU>- 
ria  is  not  only  expensive,  but  there  is  very  great  danger  of  spreading 
at  the  same  time  weeds  and  destructive  crop  diseases. 

Investigators  in  America,  as  well  as  in  Europe,  appreciate  the  great 
importance  of  securing  nitrogen -fixing  bacteria  in  pure  cultures  for 
distribution.  ■  We  bad  great  hope  that  Doctor  Nobbe's  nitragin  would 
meet  the  requirements.  These  cultures  were  tested  very  carefully  in 
this  country  and  in  Eui-ope,  but  were  found  to  be  unsatisfactory.  We 
still  hoped,  however,  that  the  method  could  be  perfected.  Mr.  W.  T. 
Swingle  was  therefore  instructed  to  proceed  to  Europe  and  confer 
with  Doctor  Nobbe  regarding  the  future  prospecta  of  his  method  of 
pure-culture  distribution.  Finding  that  the  outlook  was  rather  unsat- 
isfactory, upon  Mr.  Swingle's  return  we  decided  to  undertake  a  thor- 
ough investigation  of  the  legume  and  other  nitrogen-fixing  organisms, 
with  a  view  to  increasing  their  agricultural  value.  The  plan  was  care' 
fully  considered  and  approved  by  the  Chief  of  the  Bureau,  the  Secre 
tary  of  Agriculture,  and  by  Congress,  and  the  necessary  funds  were 
provided.  Finally,  we  succeeded  in  securing  the  services  of  Dr. 
George  T.  Moore  to  undertake  this  investigation.  With  the  able 
assistance  of  Messrs.  Kellerman,  Robinson,  and  Goll,  he  has  succeeded 
in  perfecting  the  pure-culture  method  of  distribution  even  beyond  our 
expectations. 

Doctor  Moore  in  the  course  of  the  investigations  soon  discovered 
why  it  was  that  the  former  methods  of  culture  and  distribution  were 
so  uncertain  in  their  results.  He  worked  out  improved  methods  of 
making  the  cultures  and  increasing  by  growth  in  non-nitrogenous  media 
the  nitrogen-fixing  power  of  the  organisiDs,  and  perfected  a  method  of 
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drying  tbem  by  which  their  activity  can  be  preserved  indafinitely. 
These  processes  have  been  patented  by  the  Department  in  the  name  of 
Doctor  Moore  for  the  purpose  of  protecting  them  for  the  use  of  the 
general  public 

It  is  now  possible  as  a  result  of  this  work  to  inoculate  at  very  small 
expense  the  seed  of  all  leguminous  plants  which  it  may  be  desirable  to 
cultivate.  Bacteria  for  various  legumes  were  distributed  during  the 
past  year  to  a  very  large  number  of  applicants  scattered  in  nearly 
every  section  of  this  country  and  in  many  foreign  countries.  The 
results  obtained  have,  as  a  whole,  been  extremely  satisfactory.  The 
report  submitted  herewith  presents  the  results  of  the  work  up  to  the 
present  time. 

While  investigation  in  connection  with  l^umes  is  at  present  the 
most  important  phaue  of  the  work,  careful  attention  is  also  being  given 
to  nitrogen-fixing  bacteria  which  occur  in  connection  with  other  plants, 
and  especially  those  forms  which  live  independently  of  special  plants. 

The  facts  presented  in  this  report  demonstrate  the  great  practical 
value  of  thorough  and  accurate  scientific  investigation  of  the  problems 
lying  at  the  foundation  of  agriculture. 

Albebt  F.  Woods, 
Pathologist  and  Physiologiat. 

Office  of  Vegetable  Pathological 

AND  Phtsiolooical  Intbstiqations, 

WasUiigton^  D.  C,  Ntm&nA&r  17,  1904. 
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SOIL  INOCULATION  FOR  LEGUMES; 

WITH  REPORTS  UPON  THE  SUCCESSFUL  USE 

OF  ARTIFICIAL  CULTURES  BY 

PRACTICAL  FARMERS 


^  mTBosuonoN. 

The  primary  object  in  undertaking  an  investigation  of  the  fixation 
of  nitrogen  by  the  root  nodules  of  legumes  was  to  devise,  if  possible, 
some  method  of  bringing  about  the  artificial  introduction  of  the  nec- 
essary organisms  into  a  soil  which  was  naturally  devoid  of  them,  and 
at  the  same  time  to  attempt,  as  far  as  possible,  to  correlate  and  recon- 
cile the  vast  amount  of  conflicting  evidence  that  has  been  accumulated 
by  various  investigators  in  regard  to  the  exact  nature  of  the  organism, 
where  the  nitrt^o  is  fixed,  the  effect  upon  the  host,  and  similar 
problems. 

It  will  not  be  possible  in  an  article  of  this  kind  to  give  more  than  a 
brief  historical  sketch  of  the  work  that  has  been  done  by  previous 
investigators,  but  in  view  of  the  satisfactory  review  of  the  literature 
up  to  1892  by  Atkinson"  and  by  Jacobite*  in  1901  an  exhaustive  con- 
sideration of  the  subject  in  this  way  hardly  seems  necessary. 

THB  FIXATION  OF  FREE  NITHOOEH. 

Ever  since  anything  has  been  known  in  regard  to  plant  nutrition 
and  the  necessary  part  that  various  gases  and  minerals  play  in  the 
successful  growing  of  crops,  scientific  men  have  realized  the  tremen- 
dous importance  of  conserving  the  world's  store  of  nitrogen,  and  have 
made  every  effort  either  to  husband  or  to  increase  all  available  sourcei 
of  supply.  In  the  early  days,  when  it  was  first  being  realized  tliat 
nitrogen  was  so* essential  to  plant  life — in  fact,  was  at  the  very  founda- 
tion of  agriculture — no  particular  alann  was  felt.  Botanists  had 
demonstrated  that  plants  obtained  their  carbon  from  the  carbon  dioxid 
of  the  air,  and  since  this  gas  is  present  in  so  much  less  quantity  than 
nitrogen  it  was  believed  that  by  no  possible  means  could  the  most 
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esaential  of  pknt  foods  be  exhausted.  However,  when  it  wae  shown 
that  plants  were  unable  to  use  free  nitrogen  and  must  obtain  it  directly 
from  the  soil  in  a  highly  organized  form,  the  importance  of  the  prob- 
lem increased  greatly,  and  the  gravest  consequences  were  predicted 
by  those  familiar  with  the  rapidity  with  which  this  valuable  element 
wa8  being  wasted.  But  a  short  time  ago  Sir  William  Crookes"  pre- 
dicted that  within  thirty  or  foi'ty  yeim  England  would  experience  a 
wheat  famine,  due  to  the  exhaustion  of  nitrogen  in  the  soil,  that  would 
be  appalling  in  its  effect;  and  Prof.  Bela  Korasoy's  warnings  to 
Hungary  have  been  even  more  emphatic.  Indeed,  Liebig,  more  than 
fifty  years  ago,  in  speaking  of  one  of  the  most  common  methods  of 
destroying  sources  of  available  nitrogen,  said: 

Nothing  will  more  ccitainly  conenmrnate  the  ruin  of  Bngknd  than  the  ecardt;  of 
fertilizers.  It  meana  the  scarcity  of  food.  It  is  impossible  that  such  a  sinful  viola- 
tion of  the  divine  laws  of  nature  should  forever  remain  unpunished,  and  the  time 
will  probably  vcxne  for  England,  sooner  than  for  any  other  country,  when,  with  all 
her  wealth  in  gold,  iron,  and  coal,  she  will  be  unable  to  buy  the  one-thousandth  part 
of  the  food  which  ahe  bae  during  hundreds  of  yeara  thrown  recklessly  away. 

The  ways  by  which  combined  niti;ogen  is  rendered  unavailable  for 
plant  food  are  well  known  and  need  no  elaborate  discussion.  The 
constant  cropping  of  land,  combined  with  our  modern  sewage  system, 
which  prevents  the  return  to  the  soil  of  such  a  large  and  legitimate 
nitrogen  supply,  are  sufficient  to  indicate  the  extent  of  this  loss  with- 
out considering  the  destruction  of  nitrogenous  compounds  by  the  de- 
nitrifying bacteria,  the  burning  or  exploding  of  nitrate  of  soda,  and  the 
leaching  out  of  this  and  other  salts  which  would  otherwise  be  most  val- 
uable as  fertilizers.  These  things  would  not  merit  so  much  considera- 
tion were  it  not  for  the  fact  that,  unfortunately,  the  world's  supply  of 
two  of  the  richest  sources  of  nitrogen — guano  and  saltpeter — ie  being 
exhausted  rapidly.  Guano  has  already  ceased  to  be  of  any  great  im- 
portance, and  while  it  is  difficult  to  obtain  precise  estimates  as  to  the 
available  amount  of  saltpeter,  it  is  very  certain  that  at  the  present 
rate  of  its  consumption  (estimated  at  1  billion  tons  per  year)  it  can  not 
last  for  a  very  great  length  of  time,  some  placing  the  limit  at  less  than 
fifty  years.  It  should  also  be  remembered  that  the  natural  product, 
while  so  rich  in  nitrogen,  is  also  so  expensive  that  for  the  general 
farmer  the  cost  is  almost  prohibitive.  The  same  may  be  said  of  the 
process  recently  proposed  for  the  manufacture  of  nitrogen  salts  by 
means  of  electricity.  While  the  discovery  and  perfection  of  such  a 
method  is  calculated  to  calm  the  fears  of  those  who  predict  a  nitrogen 
famine,  it  is  not  one  that  appeals  very  strongly  to  the  farmer  so  long 
as  the  price  remains  where  it  is. 

Regardless  of  these  facts,  there  are  many  well-informed  men,  both 
at  home  and  abroad,  who  have  always  maintained  that  the  possibility 

oBiit.  Abbc»c.  Ad.  ScL,  Bristol,  1808.    Predd«ntial  Addretn, 
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of  BDTthiDg  approaching  a  nitrogen  famine  is  ao  remote  as  to  be 
unworthy  of  conaideration.  In  order  that  this  view  maj'  be  substan- 
tiated, it  will  be  necessary  to  examine  into  the  conditions  existing  in 
nature  which  permit  of  the  restoring  of  gaseous  nitrogen  to  a  com- 
bined form. 

One  of  the  sources  which  was  formerly  supposed  to  be  of  consider- 
able importance  in  returning  nitrogen  to  the  earth  was  by  means  of 
the  ammonia  compounds  of  nitrous  and  nitric  acid  which  are  present  in 
the  air  and  are  often  carried  into  the  soil  by  rainfall.  This  need  not 
be  considered,  however,  it  having  been  shown  that  the  amount  of  potas- 
sium or  sodium  oitrat«  per  acre  brought  into  the  soil  by  the  rain  is, 
with  the  exception  of  a  few  places  in  the  Tropics,  almost  infinitesimal, 
being  less  than  1  pound  per  year. 

That  electricity  ha»  some  part  in  fixing  nitrogen  in  a  form  suitable 
for  plant  food  has  been  understood  for  a  considerable  length  of  time. 
Lightning  discharges  fix  in  the  soil  nitrogen  from  the  air,  and  a  small 
percentage  of  this  element  becomes  available  in  this  way.  The  theory 
has  even  been  advanced  by  M.  Berthelot  that  plants  in  high  altitudes 
will  produce  good  crops  without  the  use  of  any  artificial  fertilizer, 
owing  to  the  greater  tension  of  electricity  in  these  regions,  the  in- 
fluence of  electric  waves  permitting  the  plants  to  absorb  nitrc^n  in 
a  way  that  plants  not  so  influenced  are  unable  to  do.  It  certainly 
seems  true  that  plants  elevated  to  a  considerable  height  will  absorb 
more  nitrogen  than  those  at  a  lower  level,  but  whether  this  ia  due  to  a 
direct  influence  of  electricity  upon  the  plant  itself  is  perhaps  a  question. 

It  has  likewise  been  a  matter  of  common  observation  that  some  land 
allowed  to  lie  fallow  frequently  increases  in  its  supply  of  available 
nitrogen,  and  to  an  extent  much  too  great  to  have  been  fixed  merely 
by  lightning  or  electrical  action  of  any  kind.  Consequently,  the  dis- 
covery by  Schloesing  and  MQntz"  in  1877  that  the  formation  of  nitrites 
from  the  oi^nic  products  of  animal  and  vegetable  life  was  produced 
by  living  organisms,  and  the  isolation  of  these  bacteria  by  Jordan 
and  Richards  *  in  our  own  country,  as  well  as  by  Winogradsky,"  Frank- 
land,"  and  Warington '  abroad,  were  expected  to  throw  much  light  upon 
this  hitherto  little  understood  subject.  Nothing  of  any  practical 
importance,  however,  was  attempted  until  after  1891,  when  Schloesing 
and  Laurent  showed  that  certain  organisms  had  the  power  of  fixing 
nitrogen  in  the  soil  directly  from  the  atmosphere.  Experiments  were 
then  undertaken  along  this  line,  and  results  obtained  which  demon- 
strated that  there  are  unquestionably  in  the  earth  a  few  organisms, 

"Compt  Rend.,  Paris,  84:  301. 

l>WaeB.  BtAte  Board  of  Health  RepL,  1890,  pp.  S65-881. 

c  Ann.  de  l'In§t  Pasteur,  1890,  p.  23. 

cPbil.  Trans.  Roy.  Soc.,  London,  1890,  B.,  107. 

'Traoa  Cbem.  Soc.,  1891,  p.  502. 
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probably  both  bacteria  and  algse,  which  can  directly  fix  free  nitrogeo 
without  the  aid  or  interposition  of  any  other  plant.  Kruger  and 
Schneider  wind  "  have  given  the  result  of  a  test  with  a  bacterium  which 
was  able  to  fix  0.0046  of  a  gram  of  niti-ogen  in  100  cubic  centimeters, 
and  numerous  other  results  are  recorded  showing  the  beneficial  effect 
of  certain  organbms  of  this  class  upon  all  crops.  Since  in  many  caaea 
the  bacteria  increased  the  nitrogen  content  of  the  soil  so  decidedly,  it 
seemed  worth  while  to  attempt  to  bnng  about  an  artificial  introduction 
of  the  peculiar  bacteria  involved.  Before  long  a  patented  product, 
known  as  alinit,  was  placed  on  the  market,  and  numerous  trials  designed 
to  demonstrate  its  efficiency  were  made,  but  with  such  indifferent 
success  that  the  product  was  withdrawn  from  sale.  Up  to  the  present, 
therefore,  it  can  safely  be  said  that  nothing  has  been  accomplished 
which  would  lead  to  the  extensive  use  of  such  a  process  for  enriching 
the  land,  although  the  possibility  of  eventually  securing  the  proper 
organism  and  method  for  distributing  it  is  not  unlikely. 

BENSnoiAIi  XETBCI  OF  LEOTHCIN'OTTS  0B0P8. 

From  the  earliest  days  of  agnculture  it  has  been  recognized  that  all 
plants  belonging  to  the  Leguminoso;  had  a  decidedly  beneficial  effect 
upon  the  soil.  Pliny  wrote,  "  The  bean  ranks  first  among  the  legumes. 
It  fertilizes  the  ground  in  which  it  has  been  sown  as  well  as  any 
manure,"  and  ^ain,  "The  lupine  enriches  the  soil  of  a  field  or  vine- 
yard as  well  as  the  very  best  manure.  The  veteh,  too,  enriches  the 
soil  and  requires  no  attention  in  its  culture,^'  Varro,  in  De  lie  Rustics, 
I,  23,  writes,  "Legumes  should  be  sown  in  light  soils;  indeed,  they 
are  planted  not  so  much  for  their  own  crop  as  for  the  following  crop, 
since  when  they  are  cut  and  kept  upon  the  ground  they  make  the  soil 
better.  Thus  the  lupine  is  wont  to  serve  as  a  maimre  where  the  soil 
is  rather  thin  and  poor."  There  are  also  in  ancient  writings  many 
other  references  to  the  importance  and  necessity  of  including  some 
leguminous  crop  in  the  regular  rotation.  Katurally  the  explanations 
offered  to  account  for  this  beneficial  effect  were  various,  perhaps  the 
most  universal  belief  being  that  the  root  system  of  these  plants  was 
much  more  extensive  than  that  of  grains  and  root  crops  and  conse- 
quently brought  up  plant  food  from  considerable  depths,  which  not 
only  served  the  legume,  but  was  likewise  available  for  subsequent 
crops.  Thaer*  in  1809  advanced  the  theory  that  the  cultivation  of 
leguminous  crops  might  improve  the  soil  by  taking  up  nutriment  from 
the  air  and  depositing  it  in  the  soil  through  the  roots  and  stubble;  but 
this  was  merely  a  conjecture  without  any  experimental  basis.    Still 

"Ldudwirthsch.  Jahrb.,  19,  Ueft4-e,  1900,  pp.  801-804. 
bRationelle  lAndwirthach.,  1  Anfl.,  Bd.  1,  ItUW. 
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later,  John  "  demonstrated  that  there  was  not  only  an  increase  in  humus 
after  a  leguminous  crop,  but  also  a  definite  increase  in  nitrogen.  He 
was  unable,  however,  to  suggest  any  explanation.  In  1854,  Boussin- 
gault^  promulgated  his  classic  experiments  demonstrating  the  fac^t  that 
plants  could  not  assimilate  free  nitrogen  gas.  His  work  was  substan- 
tiated by  the  joint  labom  of  Gilbert,  Lawcts,  and  Pugh,'  and  although 
Ville''  and  others  still  maintained  the  fallacy  (rf  the  investigations,  it 
soon  became  as  well  established  as  any  fact  in  plant  physiology  that 
the  only  efficient  source  of  nitrogen  supply  was  in  the  fixed  forms 
supplied  through  the  roots. 

By  this  time  it  was  beginning  to  be  more  generally  known  that  the 
Leguminoss!  were  capable  of  gi-owing  in  soil  pi-actically  devoid  of 
nitrogen,  and  consequently  great  difficulty  was  experienced  in  recon- 
ciling what  certainly  appeared  to  be  two  contradictory  statements. 
So  well  established,  however,  was  the  work  of  Boussingault  and 
others  that  no  very  great  doubt  was  cast  upon  the  question  of  how 
plants  obtained  their  nitrogen,  and  an  attempt  was  made  to  explain 
the  difference  through  some  inherent  peculiarity  of  the  legumes  them- 
selves. After  a  series  of  suppositions,  all  of  which  were  incorrect, 
Helriegel'  announced  at  a  scientific  meeting  in  18S6  that  the  source  of 
nitrogen  for  these  plants  was  unquestionably  the  atmosphere,  and  two 
years  later,  together  with  Willfarth,-^  he  demonsti^ated  the  fact  that 
the  growth  of  plants  in  soil  free  from  nitrogen  always  occurred  after 
the  development  of  nodules  or  swellings  upon  the  roots.  Later  the 
results  of  these  two  men  were  fully  substantiated  by  many  other 
investigators,  and  the  explanation  of  the  long  unsolved  problem  was 
made  possible.  The  statement  is  made  by  Doctor  Young^  that  while 
the  discovery  of  the  fact  that  the  nodules  of  the  legumes  enabled  them 
to  fix  '"free  nitrogen"  ia  usually  ascribed  to  Helnegel,  in  i-eality 
"  Messrs.  Hunter  and  McAlpine  were  teaching  the  same  fact  to  tbeir 
students  years  before."  Attempts  to  verify  this  statement  have  been 
unsuccessful. 

Although  Helnegel  and  Willfarth  were  probably  the  first  to  connect 
definitely  the  function  of  nitrogen  fixation  with  the  root  nodules,  they 
were  not  by  any  means  the  first  who  had  noticed  these  structures  or 
bad  attempted  to  ascribe  some  function  to  them.    Malpighi,^  in  1687, 

oKohn'B  Ber.  a.  d.  Lab.  d.  LandwirtbMh.  Inst  Halle,  1895,  p.  111. 
*Mem,  de  Ghim,  .igric,  et  de  Physiol.,  Paris,  1854. 
«Phii.  Trana.  Roy.  Soc.,  London,  1861. 

<*Compt.  Rend.,  Paris,  sxxv,  1852;  iixviii,  1854;  i!i,  1855. 
<  TflgebL  der  69  Vereammt.  Deutsch,  Naturforeeher  u.  Aerzte  in  Berlin,  1886. 
/Verlagsbeft  zu  der  Zeitachr.  dee  Vereina  fur  RiibenKQckerinduBtrie  des  Deatachen 
Seichs,  Berlin,  1888. 
(TNineteenth  Century,  46,  1899,  pp.  782-791. 
A  Opera  Omnia,  Anatom.  Plantar. ,  1687,  Pan  Secunda. 
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gives  a  description  of  what  he  cbIIs  the  gall  formations  of  the  legumes, 
and  in  the  early  part  of  the  last  century  Karl  von  Wulffen"  described 
the  "tiny  tubercles"  which  occur  only  on  l^umes,  and  recommended 
the  cultivation  of  the  white  lupine  for  the  improvement  of  sandy  soil, 
Persoon  and  Fries,  according  to  Prazmowski,*  considered  the  growths  to 
be  peculiar  fungi  related  to  Sclerotium,  and  De  CandoUe '  believed  them 
to  be  lenticels.  By  both  Trevisanua  "*  and  Kolaczek '  they  were  regarded 
as  normal  plant  structures,  the  first  maintaining  that  they  were 
undeveloped  buds  with  a  tubercular  formation,  while  the  latter  called 
them  "sponge  roots,"  and  believed  that  they  served  in  absorption. 
The  first  complete  work  which  gave  the  detail  of  the  structure  of  the 
swellings  on  legumes  was  Woronin/  who,  in  1866,  very  satisfactorily 
descnbed  them,  and,  furthermore,  for  the  first  time  propounded  the 
theory  that  they  were  caused  by  vibrio-like  oi^nisms  which  he  discov- 
ered within  the  nodule.  From  this  time  up  to  the  date  of  Helriegel's 
definite  announcement,  there  were  numerous  investigators  who 
attempted  to  solve  the  problem,  but  without  hitting  upon  its  solution. 
As  late  as  18S7  Gasparini"  considered  them  merely  malformed  and 
swollen  lateral  roots,  and  the  most  of  those  concerned  with  the  ques- 
tion seemed  to  agree  with  the  view  put  forward  by  Eriksson,*  that  the 
swellings  were  a  purely  diseased  condition  pi-oduced  by  some  fungus. 
While  at  first  the  observations  of  Helriegel  and  Willfarth  were  by 
no  means  universally  accepted  by  botanists,  the  numerous  verifications 
of  their  work  by  Lawes  and  Gilbert,'  Atwater  and  Woods,-'  Wai-d,* 
Kossowitsch,'  Wagner,'"  and  many  others  soon  left  no  other  explana- 
tion possible,  and  it  became  practically  an  accepted  fact  that  all  legumes 
were  beneficial  to  the  soil  because  of  the  presence  of  peculiar  swell- 
ings upon  their  roots  which  enabled  the  plants  in  some  way  to  acquire 
nitrogen  from  the  air.  On  the  other  hand,  the  nature  of  the  organ- 
ism which  produced  the  tubercle  was  not  readily  decided,  and  even  up 
to  the  present  time  there  is  considerable  discussion  as  to  its  character 
and  systematic  position. 

a  Ueber  den  Anbau  der  Weiaeen  Lnpine  im  Nordlichen  Deutschland,  Madgebnig, 
1S26. 

A Landwirthsch.  Vereuchetat,  33: 169. 

<^Frodroraiw,  II,  1826.    Also,  Men).  Bur  la  Familie  dee  Lf^mineuses,  1825. 

'iBot.  Zeitechr.,  1853, 

'Lehrbuch  der  Botanik,  1856.  ^ 

S  Mfim.  de  rAcadSmie  Imp.  dee  Sciences  de  St,  Petersburg,  8er,  VII,  X,  No.  6, 
1866. 

ffBer.  derDwitech.  Bot,  GeeellBch.,  1887. 

*Acta,  Univ.  Lund.,  1874. 

iPhii.  Trans.  Roy.  Soc.,  London,  clxxi,  B.,  1—107. 

JAmer.  Chem.  Jour.,  xiii,  1891. 

*Phil.  Trans'  Roy.  Soc,  London,  vol.  178,  1887. 

'Bot  Zeit.,  1892. 

"•Deutoch.  landwirthscb.  Preese,  1893. 
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In  addition  to  tbe  ideas  already  referred  to  that  the  nodules  were  galls, 
the  result  of  insect  or  worm  bites,  aod  that  they  were  due  to  patho- 
genic fuogi,  the  view  was  advanc«l  by  Brunchorst"  that  the  fungus- 
like  strands  and  the  bacteria-like  bodies  had  no  conaection  whatever, 
the  first  being  of  true  fungus  nature,  while  the  latter  were  manufac- 
tured directly  by  the  plant  and  after  fulfilling  an  unknown  purpose 
were  reabsorbed.  This  author  suggested  the  name  ha/jterinds  for  the 
branched  and  rodlike  forms  discovered  by  Woronin,  and  maintained 
that  the  root  tubercles  were  Dormal  structures  formed  for  the  purpose 
of  absorbing  these  when  their  function  was  complete.  Frank,*  who 
had  previously  advanced  other  views  on  the  subject,  at  once  accepted 
the  statement  of  Brunchorst,  his  former  pupil,  but  went  a  step  further 
and  maintained  that  even  the  fungus-like  strands  were  products  of  the 
legume  cell,  and  that  the  whole  nodule  was  merely  an  organ  for  absorb- 
ing nitrogenous  substances  from  the  soil.  Schindler'  likewise  coin- 
cided with  most  of  these  views,  and  Tschirsch ''  elaborated  the  point 
in  regard  to  the  origin  of  the  strands  and  ^^bacteroids"  to  the  fullest 
extent. 

Enough  has  been  given  to  show  the  great  diversity  of  opinion  amoi^ 
the  leading  authorities  with  regard  to  both  the  cause  and  result  of  the 
root  nodules  of  legumes.  A  great  many  other  observations  might  be 
referred  to,  but  they  would  add  so  materially  to  the  length  of  this 
bulletin  and  to  so  little  purpose  that  it  seems  best  not  to  consider 
them.  The  more  important  investigations  necessary  for  a  proper 
understanding  of  the  present-day  opinions  will  be  referred  to  at  the 
pardcidar  point  to  which  they  especially  apply. 

DXRBOT  SFFXOT  OF  NODTTIiES  TTPON  LBQUKES. 

The  actual  benefit  of  the  presence  of  root  nodules  upon  various 
leguminous  plants  has  been  so  thoroughly  demonstrated  by  numerous 
obsen'ers,  both  in  this  country  and  abroad,  that  it  hardly  needs  further 
proof  at  this  time.  As  has  already  been  referred  to,  the  early  work 
of  Helriegel  and  WiUfarth,  together  with  that  of  Lawes  and  Gilbert 
and  of  Warington  in  England,  and  of  Atwater  and  Woods  in  this 
country,  was  quite  sufficient  to  demonstrate  the  close  connection 
between  the  fixation  of  nitrogen  in  some  way  by  the  plant  and  the 
presence  of  the  tuber-like  swellings  on  its  i-oots,  and  there  are  few,  if 
any,  who  would  maintain  that  this  peculiar  function  is  not,  under  most 
circumstances,  distinctly  beneficial. 

The  direct  effect  of  the  nodule- forming  bacteria  upon  legumes  may 
be  demonstrated  either  by  means  of  greenhouse  experiments  conducted 

oBer.  derDentech.  Bot  Oeaellsch.,  Ill,  1686. 
SDeotaoh.  Ijuidwirthach.  PreflBe,  1886. 
■!  Joum.  fur  Londwirthsch.,  xzxiii,  1886. 
<lBer.  der  Deutsch.  Bot  Geeelisch.,  VII,  1687. 
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under  ^tontroUed  conditions  or  by  observations  upon  distinct  groups  of 
plants  in  the  field,  one  ]ot  grown  in  contact  with  the  bacteria,  the  other 
without.  Atwater  and  Woods"  were  the  first  investigators  to  show 
that  l^umes  planted  in  quartz  sand  from  which  all  nitrogenous  matter 
had  been  burned  and  watered  with  a  nutrient  solution  devoid  of  nitro- 
gen in  any  fixed  form  would  flourish  and  produce  a  normal  growth 
when  root  nodulos  were  present,  but  would  perish  an  readily  as  wheat 
or  corn,  or  similar  plants  when  deprived  of  the  proper  bacteria.  This 
experiment  has  been  repeated  since  by  numerous  investigators,  with 
various  modifications,  until  it  is  universally  believed  that  the  presence 
of  the  bacteria  is  of  the  utmost  importance  and  necessity  to  the  legume 
when  growing  in  a  soil  containing  little  or  no  nitrogen.  Indeed,  it  is 
possible  to  demonstrate  that  a  legume  growing  in  a  poor  sandy  soil 
provided  with  nodule- forming  bacteria  will  be  even  more  vigorous  and 
produce  a  better  crop  than  plants  growing  in  moderately  rich  soil 
devoid  of  the  bacteria.  This  fact  is  well  illustrated  by  the  following 
experiment:  Three  pots  of  sand  from  which  all  nitrogen  had  been 
burned  were  planted  with  yellow  vetch  seed  and  treated  in  the  following 
manner:  Pot  No.  1  was  inoculated  with  nitrogen-fixing  organisms  and 
watered  with  a  nutrient  solution  devoid  of  nitrogen.  Pot  No.  2  was 
not  inoculated,  but  was  watered  with  the  same  nitrogen-free  solution. 
Pot  No.  3  was  likewise  uninoculated  but  was  supplied  with  a  liberal 
amount  of  nitrogen  in  the  form  of  potassium  nitrate.  The  results  were 
as  follows:  Pot  No.  1,  which  was  inoculated,  grew  plants  averaging  6. 16 
grams  in  weight.  Pot  No.  2.  which  had  no  nitrogen  provided,  showed 
the  poorest  growth,  average  plants  but  0.33  gram  in  weight,  while  pot 
No.  3,  which  was  well  fertilized,  produced  plants  weighing  but  2,65 
grams.  That  is  to  say,  in  this  particular  instance,  the  inoculated  vetch 
exceeded  the  uninoculated  but  fertilized  vetch  nearly  three  times  in 
weight,  while  plants  leceiving  no  nitrogen  were  nearly  twenty  times 
smaller  than  those  having  nodules.  Similar  results  have  been  obtained 
in  the  field. 

Eev.  William  Brayshaw,  of  Grayton,  Md.,  reports  that  he  "sowed 
two  lots  of  seed  side  by  side,  one  inoculated,  the  other  with  100  pounds 
of  South  Carolina  rock.  Inoculated  made  double  the  growth  and  bade 
fair  to  give  three  times  the  quantity  of  hay." 

With  peas,  S.  N.  Lowry,  of  Philadelphia,  found  that  "inoculated 
vines  yielded  once  and  a  half  the  crop  yielded  from  ground  not  inocu- 
lated, but  which  was  manured,"  and  Jeremiah  Gardner,  of  Gaffney, 
S.  C,  writes,  "My  peas  were  better  than  the  peas  of  others  who 
used  commercial  fertilizer.  They  ripened  early  and  evenly.  I  con- 
sider inoculation  a  boon  to  agriculture." 

aConn.  Stone  Ag.  Exp.  Sta.  BepL,  1889,  p.  211;  and  1890,  p.  312. 
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H.  D.  Rixley,  of  Utica,  N,  Y.,  reported  that  inoculation  of  five  acres 
of  peaa  was  in  "  every  way  satisfactory.  Got  as  large  a  yield  per  acre 
as  on  five  acres  in  same  field  with  heavy  barnyard  fertilization." 

With  Canada  field  peas  G.  L.  Thomas,  near  Auburn,  Me.,  was  able 
to  secure  about  the  same  yield  with  inoculation  that  he  obtained  upon 
similar  land  after  the  addition  of  800  pounds  of  fertilizer  and  1  ton  of 
barnyard  manure,  at  lees  than  one-half  the  cost 

One  of  the  first  as  well  aa  the  most  satisfactory  demonstrations  of 
the  beneficial  effect  of  the  presence  of  nodule-forming  bacteria  upon 
l^umioous  crepe  was  made  by  Prof.  J.  F.  Duggar"  at  the  Alabama 
Experiment  Station  in  1896  and  1897.  In  one  field  where  hairy  vetch 
had  not  been  grown  previously  and  the  fertilizer  used  contained  phos- 
phoric acid  and  potash  without  any  nitrogen,  the  yield  was  but  235 
pounds  of  hay  per  acre.  On  a  similar  plot,  treated  in  a  similar  man- 
ner, with  the  exception  of  the  addition  of  some  soil  from  an  old  field 
containing  the  proper  bacteria,  the  yield  of  hay  was  2,540  pounds,  or 
an  increase  of  over  1,000  per  cent.  Similar  experiments  with  field 
peas,  clover,  and  other  legumes  showed  an  increase  of  from  50  to  300 
per  cent  in  those  plants  bearing  tubercles  as  compared  with  those  not 
possessing  them. 

In  addition  to  these  pioneer  experiments  of  Duggar,  there  have 
been  numerous  other,  investigators  in  this  country  who  have  obtained 
similar  results.  The  experiment  stations  in  Mississippi,  Kentucky, 
Kansas,  and  elsewhere  have  almost  without  exception  demonstrated 
most  strikingly  iho  immediate  advant^e  of  the  presence  of  nodules 
in  all  leguminous  crops. 

Perhaps  one  of  the  most  satisfactory  demonstrations  of  the  ability 
of  legumes  to  put  nitrogen  into  the  soil  was  the  one  carried  on  at  the 
Kothamsted  Experiment-Station^  in  England  for  a  number  of  years. 
Indeed,  the  great  value  of  the  experiments  consists  in  the  compara- 
tively long  period  of  time  which  they  cover,  thus  permitting  a  thoT'- 
ough  comparison  of  results  and  a  more  perfect  elimination  of  external 
factors.  In  a  series  including  white  clover,  vetches,  lucern,  and  other 
legumes,  begun  in  1878  and  continued  for  twenty  years,  it  was  found 
that  in  the  first  27  inches  of  soil  the  ten  seta  of  samples  taken  from 
leguminous  plots  averted  6,604  pounds  of  total  nitrogen  per  acre, 
while  the  three  sets  of  wheat  soils  averaged  but  5,847  pounds,  showing 
an  average  gain  of  757  pounds  of  nitrogen  per  acre  under  the  influence 
of  leguminous  v^^tation.  It  should  also  be  borne  in  mind  that  the 
aoBual  output  of  nitrogen  in  the  crops  from  leguminous  land  was  very 
much  greater  than  from  the  other  plots,  in  most  cases  being  more  than 
twice  the  amount  of  nitrogen  per  acre.     Where  an  acre  of  wheat  and 

"Ala.  Esp.  Bta.  Bui.  7fi,  1897. 

6  U.  B.  Dept.  Agr.,  Of.  Exp.  8W.  Bui.  8,  1892. 
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fallow  lands  yielded  only  12  pounds  of  nitrogen  per  annum,  white 
clover  produced  34  pouoda,  so  that  in  addition  to  the  actual  accumu- 
lation of  nitrogen  in  the  soil  there  is  a  tremendous  output  of  organic 
nitrogen  in  the  crops,  which  has  been  fixed  from  the  atmosphere,  a 
large  part  of  which  will  become  avaihible  if  the  crop  is  turned  back 
into  the  soil  as  a  green  manure. 


Another  graphic  way  of  showing  the  effect  of  a  leguminous  crop 
possessing  nitrogen -fixing  nodules  upon  a  soil  is  to  note  the  vast  dif- 
ferences between  ci-ops  of  grain  or  vegetables  that  follow  legumes  and 
a  similar  crop  grown  on  fallow  land  or  following  a  grass  or  vegetable 
crop.  In  addition  to  the  experience  of  every  scientitic  farmer,  which, 
of  course,  has  given  rise  to  the  very  common  practice  of  including 
some  legume  in  rotation,  the  results  of  trials  by  nearly  every  experi- 
ment station  in  the  United  States  have  shown  time  and  again  the 
importance  and  even  necessity  of  sowing  the  land  to  some  leguminous 
crop  at  the  end  of  a  definite  period.  It  is  easily  proved  that  part  of 
this  benefit  is  due  to  the  additional  amount  of  nitrogen  fixed  by  the 
root  nodule  and  not  to  the  unusual  length  of  the  root  system  or  other 
peculiarities  of  the  plant. 

J.  F.  Hickman"  showed  that  wheat  sown  on  very  poor  clay  land 
where  Mdilotus  alba  had  been  grown  for  three  years  yielded  26.9 
bushels  per  acre,  while  the  same  variety  on  adjoining  land  which  had 
been  in  corn  and  oats  produced  but  18.6  bushels. 

F.  E.  Emery '  gives  a  record  of  the  yields  in  three  and  four  years 
from  plots  on  which  wheat  had  been  grown  continuously.  The  land 
upon  which  a  crop  of  cowpeas  was  grown  every  summer  increased  the 
j'ieldof  grain  in  1891  by  an  average  of  13.78  bushels  per  acre,  and  in  1892 
by  15.6  bushels.  In  addition,  the  use  of  cowpeas  as  a  manure  resulted 
in  nearly  doubling  the  number  of  stalks  per  stool  and  increased  the 
height  of  the  plants  by  nearly  9  inches  and  the  length  of  the  heads  by 
S3  inches. 

F.  E.  Gardner,  and  Davenport  and  Fraser,  in  the  Illinois  Experi- 
ment Station  Bulletins  Nos.  37  and  42,  show  that  corn  grown  in  rota- 
tion with  oats  and  clover  yields  40  per  cent  more  than  corn  in  contin- 
uous culture. 

A.  T.  Neale '  demonstrates  that  one  dollar  invested  in  clover  seed 
returns  four  times  as  much  as  one  dollar  invested  in  nitrate  of  soda. 
Four  acres  dressed  with  pea  vines  yielded  93  bushels  of  rye;  four 
acres  of  timothy  sod  yielded  18  bushels  of  rye.  Thus,  green  manure 
with  peas  increased  the  rye  crop  more  than  fivefold. 

"Ohio  Exp.  Sta.  Biil.  42.  b  N.  O.  Exp.  Ste.  Bui.  91. 

oDeL  Exp.  Bta.  Bept,  1892. 
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J.  F.  Duggar"  found  that  oats  grown  after  cowpeats,  the  vines  hav- 
ing been  plowed  under,  produced  10.4  bushels  of  grain  and  229  poundis 
of  straw  per  acre  more  than  oats  grown  after  German  millet  plowed 
under  as  fertilizer.  The  average  yield  of  oats  per  acre  after  velvet 
beans  was  33.6  bushels,  after  cowpeas  31. ti  bushels,  and  8.4  bushels 
after  crab-grass  and  weeds  and  German  millet. 

R.  H.  Miller  and  S.  H.  Brinkley^  have  shown  that  when  crimson 
clover  was  plowed  under  as  a  manure  early  in  May  the  yield  of  pota- 
toes was  increased  by  more  than  19  bushels  per  acre  the  first  year  and 
34.4  bushels  the  second  year,  or  more  than  50  per  cent. 

G.  B.  Irby,'  in  experimenting  to  determine  the  value  of  cowpeas  to 
succeeding  crops  of  cotton,  found  that  fields  where  no  fertilizer  was 
used,  but  which  had  been  sown  to  cowpeas,  gave  a  difference  of  372 
pounds  of  seed  cotton  per  acre  over  those  where  fertilizers  had  been 
added. 

On  the  other  hand,  some  experiments  with  soy  beans  at  the  Massa- 
chusetts Experiment  Station"  would  seem  to  indicate  that  legumes  do 
not  always  have  a  beneficial  effect  upon  the  succeeding  crop.  W,  P. 
Brooks  and  H.  M.  Thompson,'  in  the  Massachusetts  Hateh  Experi- 
ment Station  Report  for  1899,  recorded  such  results.  Goesmann.' 
some  seven  years  earlier  had  had  the  same  experience  with  this  crop, 
finding  that  the  increase  in  yield  was,  in  general,  proportionate  to  the 
amount  of  nitrogen  which  he  had  added  as  fertilizer.  In  1896,  Goes- 
mannas  '  results  showed  ^'  that  there  was  not  the  least  evidence  of  any 
ability  on  the  part  of  the  soy  bean,  when  grown  before  a  grain  crop 
and  harvested,  to  make  nitrogen  manuring  of  the  grain  crop  unneces- 
sary." 

The  examples  demonstrating  the  great  benefit  which  a  leguminous 
crop  has  upon  the  succeeding  crop  might  be  extended  indefinitely,  but 
enough  have  been  given  to  prove  that  it  is  the  almost  universal  belief, 
as  the  result  of  definite  experiments,  that  a  leguminous  crop  is  equal 
to  a  considerable  amount  of  nitrt^enous  fertilizer,  and  that  the  crop 
which  follows  the  legume  is  benefited  to  a  mart^ed  degree.  In  Ger- 
many the  number  of  pounds  per  acre  of  nitrogen  added  to  the  soil  by 
l^umes  is  estimated  at  200  pounds.  In  the  United  States  the  average 
from  sixteen  States  is  122  pounds.  When  it  is  remembered  that  a  high 
grade  of  nitrate  of  soda  contains  but  about  15  per  cent  of  nitrogen, 
while  much  that  is  on  the  market  contains  considerably  less,  it  will  be 
seen  that  a  crop  of  legumes  is  equal  to  from  800  to  1,000  pounds  of 
nitrate  of  soda  per  acre,  which  at  the  present  rate  for  this  fertilizer  is 
equal  in  value  to  from  $20  to  $25. 

"  Ala.  Exp.  Sto.  Bill.  105,  1899.  '  Ibkl.,  1899,  p.  33. 

»Md.  Eip.  8ta.  BuIb.  31,  p.  75,  and  38,  p.  58.  /Ibiil.,  1892,  p.  170. 

cArk.  Exp.  Sta.  Bui.  46.  1897,  p.  86.  vlbid.,  1896,  p.  171. 
dMasB.  Hatch.  Exp.  Sta.  RepL,  1899,  p.  87. 
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ABXIFiaiAIj  IirO(mLATION  OF  THE  SOIL. 

Since  tbo  desirability  of  iutroducing  a  legumiaoiis  crop  into  rotation 
seems  to  be  of  such  importance,  and  tbe  benefits  to  be  obtained  from  . 
a  nodule-bearing  plant  are  so  evident,  it  is  natural  that  every  effort 
has  been  made  to  obtain  crops  which  possess  the  power  of  using 
atmospheric  nitrogen.  It  has  been  found,  however,  that  although  in 
a  great  many  instances  the  organisms  producing  nodules  are  naturally 
abundant  in  the  soil  and  the  mere  planting  of  the  legume  seed  is  suffi- 
cient to  produce  a  crop  capable  of  fixing  nitrogen,  there  are  also  some 
localities  which  are  devoid  of  the  necessary  bacteria,  and  in  such 
places  the  leguminous  crop  is  of  no  more  benefit  to  the  soil  than  corn 
or  wheat,  or  other  crops  whoso  yield  might  be  a  greater  source  of 
revenue. 

SOIL  TBANBFBB. 

It  therefore  has  become  necessary  to  devise  some  means  of  arti- 
flcially  introducing  into  the  soil  the  nodule-produciog  bacteria,  and 
naturally  the  simplest  means  of  accomplishing  this  has  been  to  trans- 
fer earth  known  to  contain  the  proper  organisms  and  capable  of  pro- 
ducing nodules  to  the  fields  where  it  was  desirable  to  introduce  such 
b&cteria.  This  soil -inoculation  method  is  one  which  has  been  prac- 
ticed widely,  lH>th  in  this  country  and  abroad,  oftentimes  with  the 
best  results,  but  not  with  universal  success.  Reports  have  been 
received  from  various  places  stating  that  even  where  soil  known  to 
contain  the  proper  germs  was  used  the  results  were  not  satisfactory. 
That  this  failure  was  not  due  to  the  character  of  the  soil  or  other 
adverse  cx)nditions  is  proved  by  the  success  of  other  methods  of  inocu- 
lation upon  the  same  kind  of  land  at  the  same  time.  The  large  amount 
of  earth  necessary  to  produce  thorough  inoculation  often  makes  it  a 
laborious  and  expensive  process  when  the  fields  to  be  treated  are  at 
a  considerable  distance.  In  addition  to  Uie  expense  and  labor  involved, 
however,  there  is  a  more  serious  objection  because  of  the  possibility 
of  transferring  plant  diseases  from  one  field  to  another. 

H.  C.  Coeaten,  of  Walnut,  Kans.,  reports  having  transplanted  the 
"  leaf-blight"  to  his  field  by  this  method,  and  many  instances  are  known 
in  the  South  of  the  wilt  of  cowpeas  being  disseminated  by  carrying 
soil  from  one  field  to  another.  There  can  be  no  doubt  that  certain 
diseases  of  plants,  the  spores  of  which  remain  ia  the  earth,  are  widely 
disseminated  by  such  a  means  of  attempting  to  produce  inoculation  by 
the  transfer  of  soil;  and  where  the  disease  is  one  which  causes  great 
damage  to  leguminous  crops  and  is  readily  transported,  it  has  become 
necessary  to  abandon  inoculation  altogethei*.  There  is  also  great 
danger  of  introducing  objectionable  weeds  wherever  soil  from  one 
locality  is  introduced  into  another  region.  Even  though  the  weeds 
may  not  have  been  serious  in  tbe  first  field,  the  great  numbers  of  dor- 
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mant  seeds  which  often  require  but  the  slightest  change  in  environ- 
ment to  produce  germination  are  always  a  menace,  and  a  number  of 
instaaces  have  been  reported  to  the  Department  where  the  desired 
leguminous  crop  was  completely  choked  out  by  the  introduced  weed. 
The  director  of  the  Mississippi  Experiment  Station  writes:  "Owing  to 
the  fact  that  our  alfalfa  fields  are  more  or  less  full  of  Johnson  grasK, 
we  are  unable  to  send  soil  for  the  purpose  of  inoculation  without  dis- 
tributing this  objectionable  grass  to  sections  where  the  farmers  are 
trying  to  keep  it  out." 

NmtAOZN. 

In  order  to  escape  the  difficulties  previously  mentioned,  Nobbe  con- 
ceived the  idea  of  bringing  about  inoculation  by  means  of  pure  cul- 
tures. This  was  to  be  accomplished  by  isolating  from  the  nodule  by 
means  of  a  gelatin  plate  the  right  organisms  and  then  transferring  to 
tubes  or  bottles  containing  nutrient  agar.  To  this  culture  of  nodule- 
forming  bacteria  was  given  the  trade  name  of  "  nitragin."  Seventeen 
different  kindf>of  nitron  were  prepared  from  the  nodules  of  as  many 
different  plants,  and  arrangements  were  made  to  have  them  put  up  on 
a  large  scale  and  placed  upon  the  market  by  a  well-known  firm  of 
manufacturing  chemists.  Experiments  with  nitragin  in  Germany  met 
with  varying  degrees  of  success.  In  some  instances  its  use  seemed  to 
produce  an  abundant  formation  of  nodules,  while  in  other  cases  no  ben- 
efit could  be  obtained.  In  this  country  the  results  obtained  by  Dug- 
gar  were  very  satisfactory,  but  certain  other  investigators  were  not 
able  to  secure  inoculation. 

W.  M.  Munson,"  while  having  fair  success  with  soy  beans,  failed  to 
get  any  satisfactory  results  with  clovers,  peas,  vetches,  and  other 
legumes,  and  his  i-esults  did  not  warrant  the  recommendation  of  the 
use  of  nitragin  for  a  leguminous  crop. 

W".  P.  Brooks*  tried  nitragin  on  crimson  clover,  alfalfa,  and  common 
red  clover  without  appreciable  effect  B.  D.  Halstead''  experimented 
with  a  number  of  legumes  and  tried  three  different  kinds  of  nitragin, 
and  as  a  result  there  was  no  evidence  that  nitragin  was  of  any  value  in 
the  formation  of  nodules. 

More  recently,  Maria  Dawson,''  in  a  series  of  experiment  extending 
over  three  consecutive  years,  concluded  that  on  peat,  clay,  loam,  or 
ordinary  garden  soil  the  inoculation  with  nitragin  proved  to  be  both 
useless  and  superfluous. 

In  spite  of  thesefailnres,  however,  a  large  number  of  citations  might 
be  given  which  indicate  that  under  certain  favorable  conditions  nitra- 

"MaineEsp.  Sta.  Repts.,  1897,  p.  144,  and  1898,  p.  208. 
SMSBB.  Hatch  Exp.  8ta.  Rept.,  1897,  p.  26. 
"N.  J.  Exp,  Sta.  Rept.,  1899,  p.  375. 
•'Ann.  Bot,  15:  511-519,  1901. 
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gin  was  succesaful  in  producing  nodules  upon  legumiuous  crops.  The 
chief  difficulties  seem  to  have  been  in  securing  cultures  of  the  proper 
degree  of  virulence  and  in  preventing  deterioration  l>ecause  of  being 
subjected  to  too  much  heat  or  varying  degrees  of  moisture.  The  age 
of  the  culture  was  also  of  importance,  the  manufacturers  limiting  the 
time  of  efficiency  to  about  six  weeks.  Owing  probably  to  inability 
to  maintain  the  efficiency  of  the  culture  to  its  highest  degree,  and  the 
adverse  conditions  to  which  it  was  often  subjected  during  transporta- 
tion, the  percentage  of  failures  in  the  use  of  nitragin  was  so  great 
that  its  manufacture  was  given  up,  and  it  is  no  longer  for  sale  under 
that  name.  Consequently,  even  though  this  preparation  bad  been 
found  to  be  satisfactory  in  Europe,  the  necessity  for  devising  some 
method  of  producing  nitrogen -fixing  nodules  free  from  the  objection- 
able features  of  transferring  soil  remained  the  same.  For  this  reason 
the  Laboratory  of  Plant  Physiology  of  the  Department  of  Agriculture 
undertook  a  scientific  investigation  of  the  root-nodule  organism,  and 
as  a  result  it  is  believed  that  a  thoroughly  practical  and  satisfactory 
method  of  bringing  about  artificial  inoculation  has  been  devised. 

NATUKB  OF  THE  OBOAISISH. 

Before  any  improvement  could  be  hoped  to  be  made  upon  methods 
already  in  use  for  bringing  about  artificial  inoculation  it  was  necessary 
to  become  thoroughly  acquainted  with  the  precise  nature  of  the  nodule- 
.forming  organism,  for,  in  spite  of  the  fact  that  these  organisms  occur 
in  great  quantities  and  that  the  interior  of  the  nodule  constitutes  what 
is  practically  a  pure  culture,  there  has  been  the  widest  difference  of 
opinion  as  to  the  morphology  and  life  history  of  these  bodies.  Beye- 
rinek"  was  the  first  to  cultivate  the  !>acteria  successfully,  although  a 
year  previous  Marshall  Ward*  had,  by  a  series  of  careful  experiments, 
established  the  fact  that  the  nodule  was  due  to  some  fungus-like  dan- 
ism present  in  the  soil,  and  as  early  as  18S6  Woronin'^  expressed  a 
belief  Uiat  the  cause  of  these  abnormal  growths  was  due  to  foreign 
on?anisms,  possibly  the  "vibrio-like  bodies"  which  he  was  the  first  to 
discover  and  describe.  * 

One  reason  for  the  different  theories  in  regard  to  the  true  cause  of 
the  legume  nodule  has  undoubtedly  been  on  account  of  the  various  and 
diverse  forms  assumed  by  the  organisms  found  in  the  nodule  at  differ- 
ent times  and  under  different  conditions.  An  examination  of  a  mature 
nodule  of  almost  any  legume  will  show  large  numbers  of  rod-shaped 
l>aoteria  as  well  as  the  characteristic  branched  forms,  but  it  is  probable 
that  in  most  ca.'^es  the  organism  producing  the  infection  is  different 

oBot  Zeit.,  xlvi,  1888,  pp.  725-804. 

6  Phil.  TranB.  Roy.  Soc.,  London,  vol.  178,  1887. 

cM^m.  <le I'Acad^mie Imp.  dee  H<:ieiux«  de St.  Petersburg,  Ser.  VII,  X,  No.  6, 1866. 
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from  either  of  these,  being  an  extremely  miaute,  motile  rod  usuall; 
measuring  less  than  1  micron  in  length  and  altout  U.'2  of  a  micron  in 
width.  According  to  Beyerinck,  there  in  a  single  fl^ellum  attached 
to  the  posterior  end  of  these  "  rovers,"  but  repeated  efforts  have  failed 
to  demonstrate  this,  although  there  is  no  question  about  motility. 

These  minute  bacteria  gain  admission  to  the  plant  through  the  root 
hairs,  a  number  of  them  often  penetrating  the  same  hair.  It  requires 
but  a  short  time  for  them  to  increase  greatly  in  number,  and  there  is 
then  formed  the  strandlike  colony  of  bacteria  which  has  been  respon- 
sible for  the  idea  that  the  nodules  were  formed  by  true  fungi.  One  of 
the  first  and  most  thorough  investigations  of  these  fungtis-like  threads 
was  made  by  Ward,"  who  fallowed  their  development  from  the  root 
hairs  to  the  cells  of  the  nodule,  and  came  to  the  conclusion  that  the 
bacteria-like  bodies  originated  by  a  kind  of  budding  from  onlai^ed 
portions  of  the  "hyplue.^'  Because  of  the  resemblance  of  this  pro- 
cess to  certain  known  methods  of  forming  spores  in  the  Ustil^inece, 
he  considered  the  cause  of  nodules  to  be  due  to  a  fungus  related  to 
thb  group.  Eriksson,*  Comu,"  Prillieux,"'  and  Kny' have  all  held 
similar  views  as  to  the  fungus  origin  of  the  nodule.  Frank, '  while  at 
first  adhering  to  this  theory,  later  came  to  consider  the  nodule  a  natural 
formation  of  the  legume  root  developed  for  the  purpose  of  absorbing 
nitrogenous  substances  from  the  soil.  In  18^  the  same  author-^ 
returned  to  the  idea  of  an  external  cause  and  accounted  for  the  hyphal- 
like  structures  by  explaining  that  they  were  made  up  of  the  protoplasm 
of  the  celt  and  of  bacteria-like  bodies,  to  which  he  gave  the  name  of 
Skizdbium  legumiiwaarum.  Some  have  held  the  theory  that  because 
of  the  resemblance  of  these  strands  to  plasmodia,  the  cause  of  the 
nodule  must  be  due  to  a  myxomycete — possibly  a  form  related  to  the 
Plasmodiophora  of  the  Crucifereie. 

Careful  investigation  has  demonstrated,  however,  that  these  struc- 
tures resembling  hyphie  are  in  reality  nothing  more  than  a  zot^loea 
mass  formed  by  the  swelling  of  the  outer  layers  of  the  extremely  small 
bacteria  which  penetrate  the  root  hairs.  It  is  not  necessary  to  assume 
the  presence  of  minute  pores  in  the  ceil  walls  to  account  for  the  man- 
ner in  which  the  strand  passes  from  one  cell  to  another,  as  vras  done 
by  Beyerinck,"  for  the  same  secretion  which  enables  the  original 
organism  to  dissolve  the  wall  of  the  root  hair  will  also  in  greater  quan- 
tity produce  the  same  effect  upon  the  root  tissue.  Although  these 
zoc^loea  masses,  or  "infection  threads,"  are  usually  present  in  great 
numbers  in  the  young  nodules  of  .most  legumes,  they  do  not  always 
occur,  and  it  is  not  necessary  that  the  bacteria  pass  from  cell  to  cell 

"Bot  Zeit,  xlvi,  1888,  pp.  726-80*.        -'Bnl.  de  la  Soc.  Bot.  de  France,  xxvi,  1879. 

^Acta,  Univ.  Lund.,  1874.  <Bot.  Zeit.,  1879. 

0 Etude  BUT  leFhjrlloxeN,  1878.  /Undwirttuch.  Jabrb.,  10, 1900. 
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in  thia  form.  The  lupines  are  particularly  free  from  these  strands,  it 
often  being  difficult  to  find  them  even  in  the  root  hairs.  As  the  nodule 
develops,  due  to  the  irritation  set  up  in  the  cells  of  the  root  by  the 
entrance  of  the  bacteria,  the  zoogloea  threads,  which  were  at  6rst 
made  up  entirely  of  the  minute  bacteria,  b^in  to  develop  bacteria  of 
a  larger  size  which  may  or  may  not  be  motile,  according  to  the  con- 
ditions under  which  they  are  grown.  These  larger  rod-shaped  bacteria, 
meajjuring  from  2  to  5  microns  in  length  and  about  1  micron  in 
width,  as  they  become  older  usually  give  rise  to  the  peculiar  branching 
forms  so  frequently  described  and  considered  as  being  peculiar  to  the 
legume  nodule. 

How  the^e  branched  forms  originate  has  been  the  cause  of  some 
investigation  and  much  speculation.  According  to  Beyennck, "  the 
larger  rods  have  an  unsymmetrical,  one-sided  outline,  slightly  curved 
at  the  middle  in  Huch  a  way  that  as  this  swelling  increases  the  two- 
armed  structure  is  attained.  The  generally  accepted  view  is  that  the 
branched  form.s  are  degenerate  or  involution  forms  of  the  rod-shaped 
bacteria,  and  for  this  reason  they  are  frequently  designated  as  bacte- 
roida,  Stutzer*  regards  them  as  a  higher  rather  than  a  lower  type, 
with  which  view  Hiltner'  takes  issue,  he  considering  them  merely 
enlarged  rod  bacteria.  Greig  Smith''  explains  the  so-called  branching 
by  regarding  the  nodule  organism  as  a  yeast,  which,  multiplying  by 
budding,  causes  the  various  shapes  assumed,  the  capsule  often  hinder- 
ing the  ready  separation.  While  there  is  no  reatton  to  believe  that  the 
nodule-forming  organism  has  any  affinities  whatever  with  the  yeasts, 
there  are  good  grounds  for  the  belief  that  the  peculiar,  irregular  out- 
lines assumed  are  due  to  the  fact  that  as  a  single  rod-shaped  form 
divides,  it  is  under  certain  conditions  unable  to  free  itself  from  the 
enveloping  capsule,  and  consequently  two  or  more  individuals  are  held 
together,  giving  the  >'  or  ^  appearance.  The  condition  is  not  so 
unusual  among  the  bacteria  as  is  generally  supposed,  similar  branch 
ing  forma  occurring  in  Mycohacterimn  denitrificans  and  Paateima 
ratnosa,'  as  well  as  in  the  bacillus  of  tuberculosis..^ 

Further  arguments  gainst  the  degeneration  theory  of  the  branched 
forms  are  to  he  found  in  the  fact  that  they  can  readily  be  produced  in 
artificial  cultures,  provided  the  conditions  are  right.  A  faintly  acid 
medium  containing  potassium  phosphate  will  usually  produce  them  in 
a  short  time,  although  they  are  often  found  upon  jelly  of  different 
composition.    If  a  solid  medium  is  used,  the  surface  should  be  covered 

«  Verb.  d.  Konink.  Akail.  d.  WeteoBcb.  te  Amsterdam,  26:  1887. 

eCentralbl,  fur  Bakt.,  Par.  u.  Infec.,  II  Abt.,  11,  1896, 

"Centralbl.  fur  Bakt,  Par.  u.  Infec.,  11  Abt.,  VI,  273. 

•iproc.  Linnean  Soc.  of  New  South  Wales,  34,  1899,  pp.  <Jfi3-fl73. 

'Ann.  de  I'ln^.  Pasteur,  3:  1S5.     1888. 
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with  a  thin  filtn  of  water;  if  fluid,  the  amount  in  the  flaak  must  not  be 
too  great.  Although  it  is  generally  supposed  that  the  irregularly 
branched  forms  occur  only  in  old  nodules,  this  is  by  no  meaus  dte 
caae,  as  they  may  frequently  be  observed  in  the  small,  recently 
formed  nodules  of  young  plants. 

0BO88-ZN0CraX.ATI0N  Am)  BPBOIFia  OHABAOTKRS. 

Because  of  the  fact  frequently  observed  that  one  kind  of  legume 
would  not  produce  nodules  in  soil  which  abundantly  supplied  another 
l^^me  with  these  growths,  it  has  been  supposed  that  each  legume 
required  a  special  and  peculiar  nodule  organism.  Efforts  have  been 
made  to  distinguish  between  these  bacteria  specifically,  and  separate 
names  have  been  assigned  to  the  microbes  from  the  nodules  of  peas, 
beans,  clover,  etc.  Most  investigators,  however,  have  been  unable  to 
discover  any  constant  difference  in  the  appearance  and  general 
characteristics  of  the  bacteria  of  the  various  legume  nodules,  and  even 
Beyerinck, "  who  described  at  least  two  distinct  groups  of  these  oi^an- 
isms,  says  that  the  failure  to  produce  inoculation  upon  all  legumes 
with  one  microbe  is  a  difference  in  variety  rather  than  in  species.  In 
order  that  such  an  important  point  might  be  thoroughly  tested,  a 
large  number  of  legumes  were  grown  in  pots  in  the  greenhouse  for 
the  purpose  of  testing  the  efficacy  of  various  cultures  derived  from 
nodules  of  different  hosts.  The  seeds  were  either  planted  in  quartz 
saod  which  had  been  burned  red-hot,  or  in  earth  thoroughly  sterilized. 
All  of  the  usual  precautions  were  taken  in  regard  to  sterilizing  the  seed, 
the  water,  etc. ,  and  the  checks  proved  that  these  methods  were  adequate. 

It  would  occupy  too  much  space  to  give  the  resulbj  of  all  the  cross- 
iaoGulation  experiments  carri^  on,  but  a  single  example  will  suffice. 
Nodule- forming  bacteria  from  the  common  pea  (Piaum  aaiimim),  which 
had  been  grown  for  two  weeks  upon  nitrogen-free  media,  were  used 
for  inoculating  seed  of  the  following  pUnts:  Crimson  clover  {Tri- 
folium,  inaimatuirL),  red  clover  {Trifolium,  pratense),  white  clover 
{THfolntm  repena),  berseem  (Trifolium  cUetcandHnum),  alsike  {Tri- 
folium,  hybrid/um),  sweet  clover  {MdUotun  alba),  cowpea  ( Vigna 
catjaiig),  alfalfa  [Medicago  sativa),  broad  bean  ( Yida  faha)y  common 
been  (Phaseolug  vulgark),  fenugreek  {Triffondla  foenum-graecum), 
hairy  vetch  {Vicia  w/^a),  scarlet  vetch  {Viciafulgens),  yellow  vetch 
{Yieia  lutea),  blue  lupine  (Lupmus  anguatifoliuf')^  and  white  lupine 
{L%qnnu8  tdbvs).  In  every  case,  with  the  exception  of  the  lupines, 
the  culture  produced  nodules.  Out  of  the  25  lupine  plants  one  had 
four  nodules,  but  this  was  probably  due  to  insufficient  sterilization 
of  the  seed.  A  great  many  similar  cross-inoculations  were  made  in 
every  possible  combination,  and  it  was  satisfactorily  demonstrated 

oBot  Zeit,  slvi,  1868. 
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that  it  is  possible  to  cause  the  formation  of  nodules  upon  practically  all 
lef^mes,  no  matter  what  was  the  source  of  the  original  organisms, 
provided  they  were  cultivated  for  some  time  upon  a  synthetic  nitrogen- 
free  medium. 

It  is  undoubtedly  true  that  the  long  adaptation  of  the  bacteria  to 
the  special  conditions  obtaining  in  a  particular  species  of  legume 
enables  such  organisms  to  produce  more  abundant  nodules  in  a  shorter 
length  of  time  than  bacteria  isolated  from  some  other  legume  and 
grown  upon  nitrogen-free  media.  While  this  is  of  considerable  prac- 
tical importance,  and  will  probably  always  make  it  necessary  to  dis- 
tribute the  specific  organism  for  the  specific  crop,  it  does  not  in  any 
way  indicate  that  the  bacteria  found  in  the  nodules  of  beans,  peas, 
clovers,  etc.,  are  separate  species.  The  most  that  can  be  maintained 
is  that  there  is  a  slight  physiological  difference  due  to  the  long  asso- 
ciation with  a  plant  of  a  peculiar  reaction  which  enables  the  bacteria 
more  easily  to  penetrate  the  host  upon  whicii  they  have  been  accus- 
tomed to  grow.  These  slight  racial  characteristics  can  readily  be 
broken  down  by  cultivation  in  the  laboratory,  and  it  is  entirely  possible 
to  secure  a  universal  organism  capable  of  producing  a  limited  number 
of  nodules  upon  all  the  legumes  which  now  possess  these  growths. 

As  the  result  of  experiments  carried  on  in  the  laboratory  of  Plant 
Physiology  and  elsewhere,  it  is  a  generally  accepted  fact  at  the  present 
time  that  the  organism  producing  the  nodules  of  the  legumes  is  a  single 
species  of  bacillus  having  three  well-defined  forms.  These  are:  First,  a 
very  minute  motile  rod  occurring  in  the  soil  and  penetrating  the  root 
hairs,  which  may  or  may  not  develop  peculiar  strandlike  zoogloea  masses; 
second,  a  larger  rod,  measuring  from  0.6  of  a  micron  up  to  2. 5  microns 
in  width  and  from  1.5  to  5  microns  in  length.  This  great  diversity  in 
size  does  not  occur  in  the  same  culture  or  nodule,  but  varies  according 
to  different  hosts.  The  larger  rods  are  likewise  motile  at  times,  and 
give  rise  to  the  third  form,  which  may  appear  to  be  variously  branched, 
but  in  reality  is  nothing  more  than  an  aggregation  of  two  or  more  rods 
held  together  by  a  gelatinous  sheath.     Spores  are  not  known  to  exist. 

Cultivating  any  of  these  forms  upon  gelatin  produces  slowly  devel- 
oping colonies  of  a  clear,  transparent  appearance,  which  do  not  liquefy 
the  medium.  Similar  appearing  colonies  occur  upon  various  solid 
media  without  any  especial  characteristics  to  distinguish  tbem.  The 
organism  is  strongly  aerobic,  growing  best  at  a  temperature  of  from 
23°  to  25°  C. ,  although  it  may  be  accustomed  to  a  temperature  as  high 
a8  40°C. 

There  does  not  seem  to  be  any  nece.s»ity  for  creating  a  new  group  to 
include  these  organisms,  as  baa  been  done  by  Frank,  under  the  name 
of  Rhizobium,  for  although  there  is  a  certain  amount  of  polymor- 
phism, it  is  no  greater  than  frequently  occurs  in  the  bacteria.  Conse- 
quently, the  name  proposed  by  Beyerinck  of  Bacillus  radio'cola  would 
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be  retained  except  for  the  fact  that,  according  to  the  modei*n  interpre- 
tation of  tbia  genu8,  the  org^nisni  must  have  flageilsa  over  the  entire 
surface.  According  to  Bejerinck's  own  statement  and  other  observa- 
tions made  upon  both  minute  and  full-size  rods,  the  flagellee  are  found 
at  but  one  end.  For  this  reason  it  becomes  necessary  to  transfer  the 
nodule-forming  bacteria  to  the  genus  Pseudomonas,  the  name  then 
standing  as  I^eud<mionas  radicicola  (Beyerinck). 

KBTHODS  OF  CUI.TIVATION. 

The  usual  method  of  growing  the  nodule-forming  organism  has  been 
to  make  a  medium  from  a  decoction  of  the  particular  legume  upon 
which  the  organism  originally  grew.  This  was  the  method  used  by 
Nobbe  and  Hiltner,  and  the  latter"  has  gone  so  far  as  to  say  that  they 
can  only  be  grown  in  nutrient  media  containing  legume  extract.  This, 
however,  is  not  the  case,  the  number  of  organic  and  inorganic  sub- 
Htancea  in  both  solid  and  liquid  media  upon  which  Fseudomorias  radl- 
cicoZfxwill  thrive  being  very  great.  More  than  fifty  different  com- 
binations consisting  of  various  nutrient  salts,  such  as  magnesium 
sulphate,  potassium  phosphate,  ammonium  phosphate,  together  with 
peptone,  sugar,  glycerin,  asparagin,  as  well  as  potato,  cabbage,  squash, 
etc.,  have  been  found  to  produce  at  least  a  fair  growth,  although  of 
course  an  extract  of  the  host  plant,  plus  1  to  3  per  cent  peptone,  with 
about  2  per  cent  cane  sugar,  will  give  the  most  luxuriant  growth  in 
the  shortest  time.  As  the  result  of  numerous  trials,  however,  it  has 
been  found  that  although  the  bacteria  increase  mo»t  rapidly  upon  a 
medium  rich  in  nitrogen,  the  resulting  growth  is  usually  of  very  much 
reduced  virulence,  and  when  put  into  the  soil  these  organisms  have  lost 
the  ability  to  break  up  into  the  minute  forms  necessary  to  penetrate 
the  root  hairs.  They  likewise  lose  the  power  of  fixing  atmospheric 
nitrogen,  which  is  a  property  of  the  nodule-forming  bacteria  under 
certain  conditions. 

For  this  reason  the  mere  matter  of  an  abundant  growth  is  one  of  the 
least  desirable  considerations  in  propagating  thase  organisms  for  any 
practical  purpose,  and  a  medium  had  to  be  devised  which,  while  admit- 
ting of  a  fair  growth,  would  at  least  retain,  if  not  increase,  the  ability 
of  the  organism  to  produce  nodules  and  fix  nitrogen.  This  condition 
was  met  by  using  an  agar  for  plating  out  from  the  nodule  to  which  no 
nitrogenous  salt  was  added,  the  usual  combination  being  1  per  cent 
agar,  1  per  cent  maltose,  0.1  per  cent  monobasic  potassium  phosphate, 
and  0.02  per  cent  m^nesium  sulphate  to  100  cubic  centimeters  of  dis- 
tilled water.  While  such  a  medium  is  not,  of  course,  absolutely  devoid 
of  fixed  nitrogen,  the  percentage  is  so  much  less  than  that  fouad  in  a 
legume  extract-peptone  combination  that  the  results  are  quite  satis- 

«  Selakoe  Khozy^Drtvo  i  LyMovodstvo,  St  Peterabnig,  192,  pp.  426-462.    ISW. 


28  SOIL    INOCULATION    POR    LEGUMES. 

factory.  Silica  jellj  was  also  used  as  a  solid  basis  to  which  the  above 
salts  were  added,  ^ving  a  culture  medium  as  free  from  nitrogen  as 
could  be  obtained. 

Bacteria  grown  upon  media  of  this  character  were  fouod  to  be  much 
more  virulent  than  those  cultivated  on  a  rich  nitrogenous  base,  and 
field  experiments  by  the  acre  showed  the  greatest  difference  in  the 
nodule-producing  power  of  organisnris  grown  by  these  two  metJhoda" 
That  there  should  be  such  a  considerable  increase  in  the  nodule- 
forming  and  nitrogen-fixing  power  of  these  ot^nisms  when  grown 
under  different  conditions  is  not  surprising  when  it  is  remembered 
how  susceptible  the  bacteria  are  to  a  change  in  their  environment  and 
the  rapidity  with  which  new  generations  are  formed.  Percy  Frank- 
land^  has  shown  that  the  mere  transfer  of  the  bacillus  which  ferments 
calcium  citrate  from  a  liquid  to  a  gelatin  medium  is  sufficient  to  cause 
it  to  lose  its  fermenting  power.  Rosenau'^  found  that  a  bacterium 
pathogenic  to  I'ats  loses  its  virulence  if  cultivated  in  contact  with  air, 
and  many  other  instances  of  the  great  rapidity  with  which  bacteria 
may  modify  their  seemingly  fixed  functions  might  be  given.  There- 
fore, one  of  the  most  important  advances  in  developing  a  method  of 
perfecting  a  culture  of  the  nodule-forming  mici-obe  suitable  for  practi- 
cal purposes  consisted  in  getting  away  from  the  old  and  seemingly 
more  natural  methods  of  propagation  and  resorting  to  the  combination 
which  would  result  in  producing  a  type  of  fixed  virulence.  It  would 
seem  that  for  bacteriology  in  general,  helpful  and  necessary  as  the  solid 
nitrogenous  media  have  been,  much  information  of  value  has  been  lost 
by  abandoning  some  of  the  older  and  less  rapid  culture  methods. 

EFFECT  OF  TABTING  OOITDrriONS. 

The  influence  of  heat,  light,  alkalinity,  etc.,  upon  the  organisms 
producing  nodules  is  of  considerable  practical  importance,  and  for  this 
reason  a  number  of  experiments  were  tried  to  ascertain  the  effect  of 
various  external  conditions  upon  the  growth  and  efficiency  of  the 
bacteria.  . 

LIGHT,  HEAT,  AND  AIB. 

As  the  result  of  numerous  tests,  it  was  found  that  except  for  the 
deleteriouB  etfect  of  strong  sunlight  there  seemed  to  be  no  difference  in 
organisms  gi'own  in  the  light  and  in  the  dark.  The  optimum  temper- 
ature is  from  23"^  to  25°  C.,and  above  40°  C.  there  is  usually  no  appre- 
ciable growth.  It  was  not  possible  to  produce  death  by  any  degree  of 
cold,  although  below  10°  C.  practically  no  multiplication  took  place. 
The  presence  or  absence  of  air  was  found  tobe  of  the  utmost  importance. 

"  Ynirbooh  of  the  Department  of  Agrii'ulture  for  1902,  pi.  xlii,  figH.  1  and  2. 
ftProc  Brit.  Inst.  Oreat  BriL,  18:  531.     ]8»0-»2. 
'Bui.  V,  U.  S.  Marine  Hoap.  Serv.,  1901. 
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Cultures  from  which  the  air  was  ezhauBted  soon  perished,  and  even 
cultures  in  tubes  tilled  with  air  but  sealed  deteriorated  rapidly.  It  U 
also  uudoubtedly  true  that  lack  of  air  prevents  the  formation  of  the 
branched  forms,  which  are  of  the  greatest  service  to  the  plant  in  sup- 
plying it  with  nitrogen.  This  is  one  reason  for  certain  nodule»  being 
of  little  or  no  value  to  the  plant,  a  point  which  will  be  discussed  more 
fully  in  another  chapter.  The  aeration  of  the  medium  likewiise  has 
considerable  to  do  with  increasing  the  ability  of  the  organism  to  fix 
atmospheric  nitrogen  in  liquid  cultures,  and  the  necessity  for  securing 
an  ample  supply  of  air  in  soil  which  Ls  to  be  used  for  growing  Icgumeu 
can  not  be  too  strongly  emphasized.  An  effort  was  made  to  deter- 
mine whether  the  necessity  for  a  good  supply  of  air  was  not  due  to  the 
presence  of  an  abundance  of  nitrogen  gas.  Tubes  in  which  the  air 
was  replaced  by  pure  nitrogen  were  able  to  sustain  vigorous  cultures 
of  the  bacteria  for  a  number  of  weeks,  and  it  seems  probable  that  this 
gas  is  really  the  only  essential  obtained  from  the  atmosphere.  The 
action  of  denitrifying  bacteria  in  the  soil,  releasing  iai^  quantities  of 
nitrt^en  gas,  thus  becomes  a  most  important  source  of  supply  to 
nodule-forming  oi^nisms. 

AOIDS  AND  AtKALTS. 

So  far  as  the  growth  of  the  organism  upon  culture  media  is  con- 
cerned, the  effect  of  acids  or  alkalis  within  reasonable  limits  has  no 
decided  effect.  Expei-iments  tried  upon  a  number  of  bacteria  from 
various  legume  nodules  proved  that  it  was  possible  for  them  to  flour- 
ish in  media  containing  as  high  as  0,05  per  cent  of  calcium  carbonate, 
as  well  as  in  media  containing  an  equal  percentage  of  free  citric  and 
other  similar  acids.  Trials  upon  pbnts  in  pots  demonstrated  the  fact 
that  the  bacteria  would  stand  any  degree  of  acidity  or  alkalinity  of 
the  soil  that  would  permit  the  growth  of  that  particular  legume.  In 
general,  it  may  be  said  that  potassium  and  sodium  salts  in  strengths 
of  from  one-third  to  1  per  cent  often  entirely  inhibit  the  formation  of 
nodules,  and  less  quantities  reduce  the  formation  considerably,  while 
calcium  and  magnesium  salts  greatly  favor  their  production.  That 
this  action  is  due  to  the  production  of  an  osmotic  state  prejudicial  to 
the  entrance  of  the  organism  through  the  root  hairs,  as  suggested  by 
Marchal,"  is  a  possibility,  but  the  direct  effect  upon  the  germs  is  also 
a  factor  which  must  be  considered.  On  the  other  hand,  there  is  no 
question  that  with  lupines  and  certain  other  plants  adapted  to  acid 
soils  the  addition  of  calcium  and  magnesium  carbonate  is  as  injurious 
to  the  formation  of  nodules  as  it  is  to  the  plants  themselves. 

The  importance  of  neutralizing  the  acidity  of  certain  soils  in  order 
to  be  successful  in  growing  clover,  alfalfa,  etc.,  is  well  known,  and 

oOompt  Bend.,  Paris,  1901,  p.  1032, 
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the  addition  of  lime  is  frequently  recommended  where  such  crops  fail. 
In  such  caaea  it  is  probable  that  the  acidity  of  the  soil  not  only  is 
prejudicial  to  the  growth  of  the  plant,  but  has  likewise  prevented  the 
development  of  the  nodule-forming  bacteria.  Thus,  the  addition  of 
the  lime  serves  a  double  purpose. 

According  to  Maze,"  there  are  but  two  groups  of  nodule-forming 
organisms — those  adapted  to  an  acid  soil,  and  normally  found  on 
lupine,  broom,  furze,  etc.,  and  those  adapted  to  an  alkaline  soil,  occur- 
ring upon  most  of  the  connnon  forage  and  garden  legumes.  While 
experience  has  not  borne  out  this  theory  in  the  United  States,  there 
can  be  no  doubt  about  the  readiness  with  which  the  nodule  organbm 
from  calcium  soils  may  be  ac^customed  to  live  upon  an  acid  medium, 
and  the  reverse;  and  there  is  every  reason  to  suppose  that  the  adapta- 
tion of  special  bacteria  to  suit  special  kinds  of  soil  may  be  readily 
brought  about. 

NITRATES. 

The  fact  that  the  nodules  do  not  occur  abundantly  upon  plants  grow- 
ing in  very  rich  earth  has  l>een  frequently  observed,  so  that  the  dele- 
terious effect  of  nitrogenous  substances  upon  artificial  cultures  is  to  be 
sxpected.  Alkaline  nitrates  in  the  proportion  of  1  to  10,000  are 
sufficient  to  prevent  the  formation  of  nodules,  and,  as  has  already 
been  referred  to,  the  cultivation  of  the  bacteria  upon  media  containing 
appreciable  quantities  of  nitrogen  for  any  length  of  time  is  sufficient 
to  cause  them  to  lose  both  the  power  of  infection  and  that  of  fixing 
atmospheric  nitrogen.  It  will  thus  be  seen  that  many  of  the  factors 
influencing  the  size,  number,  and  location  of  the  nodules  are  those 
affecting  the  bacteria  quite  as  much  as  the  plant,  and  any  information 
in  regard  to  the  life  history  of  the  organism,  together  with  the  physio- 
logical effect  of  conditions  and  substances  with  which  the  nodule- 
forming  bacteria  come  in  contact,  will  be  of  much  practical  importance. 
Plates  II,  III,  and  IV  illustrate  weli  the  difference  in  the  effect  of  the 
same  bacteria  upon  the  same  kinds  of  plants  in  different  soils,  and  fully 
as  striking  difference  might  be  shown  where  the  moisture,  or  the 
acidity,  or  the  air  supply  varied. 


Experiments  by  Gain  *  and  others  have  shown  that  with  peas,  beans, 
and  lupines,  watered  and  unwatered,  the  number  of  nodules  in  moist 
soil  exceeded  those  in  dry  soil  from  ten  to  twenty  times,  and  experi- 
ments in  this  countiT  have  demonstrated  most  conclusively  that  the 
humidity  of  a  soil  greatly  favors  nodule  formation.  This  fact  must  be 
due  either  to  the  inability  of  the  organism  to  come  in  contact  with  the 

oAon.  de  I'lnet.  I'aitteur,  si,  1897,  pp.  146-166. 
»Compt  Bead.,  FOris,  116:  1394-1397. 


dbvCooglc 


WHERE   IB   NITBOOEN    FLXBD'  3x 

root  hairs  in  the  absence  of  aufficieot  moisture  or  to  a  failure  to  pene- 
trate the  root  hairs  under  such  conditions,  for  drought  is  in  no  way 
fatal  to  the  bacteria. 

WESBB  18  VTFBOQ'BSSr  VIXSDt 

Having  briefly  discussed  some  of  the  results  obtained  by  the  presence 
of  nodules  upon  the  roots  of  legume;*,  and  havinf^  indicated  the  char- 
acter of  the  organisms  causing  these  growtha,  it  is  important  that  we 
inquire  into  the  precise  method  by  which  nodules  are  of  benefit  to  the 
plant,  if,  in  fact,  they  always  are  beneficial.  After  it  was  definitely 
established  that  the  legumes  were  actually  able  to  obtain  free  nitrogen 
from  the  atmosphere,  naturally  the  next  question  was  in  regard  to 
where  and  bow  thiM  gas  was  fixed.  Frank  advanced  the  theory  that 
nitrogen  entered  the  plant  just  as  carbon  dioxid  does,  the  transforma- 
tion into  an  available  form  taking  place  in  the  leaves  in  the  same  way 
that  carbon  is  obtained.  This  view  soon  gave  way  to  a  second  one, 
which  maintained  that  the  nitrogen  was  fixed  in  the  soil  by  the  action 
of  the  bacteria  and  then  used  by  the  roots  in  the  same  way  that  any  com- 
bined nitrogen  would  be^rome  available.  Still  another  idea  has  been  that 
the  presence  of  nodtile-forming  bacteria  in  a  plant  acted  as  a  stimulus 
which  enabled  it  to  use  nitrogen  gas  in  some  new  and  unknown  manner; 
and,  finally,  the  explanation  has  been  offered  that  the  nodules  with 
their  bacteria  act  as  accumulators  of  nitrogen  which  afterwards  be- 
comes available  for  the  plant  through  the  destruction  of  the  contents 
of  the  nodule.  One  of  the  points  which  might  assist  in  establishing 
this  latter  theory  would  be  to  demonstrate  that  the  nodule  bacteria 
have  the  power  of  combining  free  nitrogen  within  their  own  cells. 
The  chief  difficulty  in  attempting  to  gain  such  proof  is  that  it  is  read- 
ily possible  that  although  they  possess  this  function  inclosed  in  the 
nodule,  the  power  might  be  lost  when  removed  from  contact  with  the 
host  plant  and  no  fixation  would  take  place  under  artificial  conditions. 
Indeed,  Maze,"  in  discussing  the  fixation  of  free  nitrogen  by  the 
Dodule-forming  oi^nism,  claims  that  it  is  acquired  in  the  plant  and 
lost  in  the  soil.  That  this  property  is  quite  unstable  in  the  bacteria 
of  legumes  there  can  be  little  doubt,  and  it  is  not  surprising  that 
many  investigators  have  reported  an  absolute  failure  in  attempting  to 
demonstrate  the  fixation  of  nitrogen  by  these  bacteria  in  pure  cultures. 

Experiments  have  shown,  however,  that  the  nodule-forming  organ- 
ism in  the  large  rod  stage  has  the  property  of  fixing  free  nitrogen 
independent  of  any  host  plant,  when  grown  upon  the  proper  media 
and  thoroughly  aerated.  In  order  to  demonstrate  this  fact,  &0  Ehrlen- 
meyer  flasks  containing  UK)  cubic  c<>ntimeters  each  of  culture  fluid 
were  inoculated  with  nodule- forming  organisms  from  red  clover,  soy 
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bean,  white  lupine,  hairy  vetch,  berseem,  and  garden  pea.  The  cul- 
ture medium  contained  magnesium  sulphate,  potaHsium  phosphate,  and 
maltose,  and  a  Kjeldahl  determination  showed  that  there  was  present 
per  100  cubic  centimeters  0.0003  gram  of  nitrogen  aa  nitrites,  making 
a  fluid  as  free  from  nitrogen  as  <;ould  be  obtained  under  the  circum- 
stances. After  inoculation,  air  which  was  first  passed  through  a  flask 
tilled  with  pumice  stone  and  sulphuric  acid  to  remove  any  ammonia 
was  drawn  through  the  flasks  by  an  aspirator.  Precautions  were  also 
taken  to  prevent  evaporation.  Kjeldahl  determinations  of  the  inocu- 
lated and  uninoculated  flasks  were  made  at  the  end  of  one,  two,  and 
three  weeks,  and  in  every  case  a  most  decided  gain  in  nitrogen  was 
obtained  by  the  end  of  the  third  week.  Some  of  the  flasks  failed  to 
show  any  difference  the  first  week;  in  fact,  the  analysis  indicated  in  a 
few  cases  that  instead  of  0.0003  gram  it  was  impossible  to  find  any 
trace  of  nitrogen.  This  was  probably  due  to  the  fact  that  the  oi^n- 
ism  did  not  develop  very  rapidly  at  first  and  the  original  amount  of 
combined  nitrogen  was  used  before  any  free  nitrogen  was  fixed.  It 
may  be  that  this  took  place  in  all  the  flasks,  but  as  determinations 
could  not  be  made  oftener  than  every  seven  days  many  of  the  cul- 
tures had  begun  to  gain  before  the  analysis  was  made. 

The  actual  gain  as  above  determined  varied  from  0.0002  gram  to 
0.0022  gram  per  100  cubic  centimeters.  The  checks  or  unmocuiated 
flasks,  of  which  there  were  twelve,  four  being  analyzed  at  the  end  of 
each  week,  at  no  time  showed  an  increase  over  the  original  0.0003 
grwn  per  100  cubic  centimeters.  Thus,  it  would  seem  that  there  could 
be  little  doubt  about  the  power  of  Peeudomonaa  radicicola  to  fii  free 
nitrogen  independent  of  any  leguminous  plant. 

A  second  series  of  the  same  number  of  flasks  was  started  some  time 
after  the  results  from  the  first  analysis  were  obtained,  in  order  to 
determine  whether  or  not  the  nitrogen  was  combined  with  the  potas- 
sium in  the  medium  or  was  actually  contained  in  the  cells  of  the  bac- 
teria. In  this  set  of  flasks  the  fluid  medium  was  varied  by  adding 
ammonium  phosphate  to  some  and  glycerin  to  other<<,  as  well  as  by 
substituting  cane  sugar  and  peptone  for  maltose.  The  results  were 
practically  the  same  as  in  the  first  test,  except  that  the  percentage  of 
nitrogen  fixed  was  considerably  greater  in  the  flasks  containing  the 
ammonium  phosphate,  sometimes  showing  a  gain  of  0.0031  gram  per 
100  cubic  centimeters  in  three  weeks.  The  exact  composition  of  this 
liquid  was  as  follows:  Magnesium  sulphate  0.02  gram,  potassium 
phosphate  0.1  gram,  ammonium  phosphate  1  gram,  glycerin  1.6  cubic 
centimeters,  maltose  1  gram,  distilled  water  1,000  cubic  centimeters. 
After  growth  had  become  thoroughly  established  in  these  flasks  and  a 
Kjeldahl  determination  showed  that  nitrogen  was  being  ai^cumulated 
to  a  considerable  extent,  the  remainder  of  the  fluid  was  filtered  through 
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u  Pastel ir-Chamberl and  filter  for  the  purpoiie  of  removinj^  all  tbc  )mc- 
terift.  The  analysis  of  the  filtrate,  while  showing  a  amall  percentage 
of  nitrogen,  eatablished  without  question  that  a  very  lai^e  proportion  of 
the  gain  in  nitrogen  wa^  due  to  the  enormous  increase  in  number  of 
the  nodule  organisms,  each  one  of  which  contained  a  minute  quantity 
of  this  element. 

Since  the  legume  bacteria  can  fix  nitrogen  and  store  it  up  within 
themselves,  it  becomes  necessary  to  investigate  carefully  the  behavior 
of  these  organisms  within  the  nodule  with  a  view  to  determining,  if 
possible,  how  the  nitrogen  is  supplied  to  the  plant.  Analyses  of  the 
nodules  of  legumes  show  that  they  frequently  contain  as  high  as  7  to 
8  per  cent  of  nitrogen,  while  other  parts  of  the  plant  will  not  possess 
more  than  2  percent.  This  high  percentage  is  before  flowering  and 
the  formation  of  fruit,  it  being  a  well-recogniited  fa<^'t  that  the  contents 
of  most  of  the  nodules  disappear  as  the  plant  reaches  maturity  and  the 
inclosing  tissue  shrivels  up.  Such  a  high  percentage  of  nitrogen  is 
not  coostant,  however,  there  being  a  distinct  relation  between  the 
character  of  the  nodule  and  its  nitrogen  content.  As  a  rule,  it  may  be 
said  that  the  abnormally  large  nodules  contain  the  smallest  percentage 
of  nitrogen,  the  most  efficient  forms  being  those  upon  the  smaller 
roots  of  medium  size.  Examination  of  the  nodule.s  of  such  sizes  as  to 
be  considered  unusual  shows  them  to  be  filled  notwith  branched  forms 
but  straight  rods,  which,  as  will  be  seen  later,  are  not  suited  to  supply 
nitrogen  in  any  quantity.  A  microscopical  examination  of  the  nodule 
at  this  time  will  demonstrate  that  whereas  formerly  it  was  packed  full 
of  the  branched  capsulate  organisms,  these  have  now  nearly  disap- 
peared, leaving  only  a  few  rodlike  forms.  Chemical  analysis  of  the 
bacteria  themselves  indicates  that  they  are  largely  albuminous.  Frank 
found  certain  nodules  developing  amylodextrin,  and  he  attempted  to 
distinguish  between  the  organisms  forming  this  substance  and  those 
producing  albumin.  It  is  not  believed,  hbwevcr,  that  there  is  any 
distinction  to  be  made  in  the  contents  or  sulistanco  of  the  organisms 
giving  rise  to  the  nodule. 

The  young  nodule  is  at  tirst  packed  with  rod-slmped  Ijacteria  and  is 
of  a  pale  red  color,  changing  to  greenish  gray  as  the  nodule  matures 
and  the  rods  become  transformed  into  the  various  irregular  branched 
forms  so  characteristic  of  these  lacteria.  Finally,  the  cells  of  the 
rool«  are  able  to  secrete  an  enzyme  which  dissolve-s  the  nodule  organ- 
ism when  in  the  branched  condition,  and  by  this  means  renders  avail- 
able considerable  quantities  of  nitrogen,  which  is  then  diffused 
through  the  plant.  This  method  of  absorbing  the  contents  of  the 
nodule  is  facilitated  by  the  structure  of  the  nodule,  which,  according 
to  Van  Tieghem,"  originates  in   the   pericycle  of   the  mother  root 
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opposite  or  on  each  side  of  the  woody  bundles.  Sometimes  the  nod- 
ules possess  from  two  to  four  distinct  central  cylinders,  inserted  one 
above  the  other,  at  points  in  the  woody  bundle  of  the  central  cylinder 
of  the  mother  root.  Because  of  their  origin,  structure,  and  dis- 
position, there  can  be  little  doubt  about  nodules  being  morpho- 
Ic^ically  merely  rootlets  that  have  enlai^ed,  the  first  investigation 
calculated  to  establish  this  fact  being  made  by  Van  Tieghem'  and  later 
reaffirmed  by  Peirce,* 

irODTTI.EB  KOT  ALWAYS  BEITBFIOIAIj. 

That  the  bacteria  are  almost  always  able  to  resist  the  action  of  the 
host  plant,  except  when  in  the  branched  condition,  is  undoubtedly 
true,  although  there  are  a  few  exceptions  in  the  case  of  the  pea  and 
one  or  two  other  plants.  If  the  only  source  of  nitrogen  is  by  dissolv- 
ing the  bacteria,  it  will  readily  be  seen  that  should  the  nodules  con- 
tinue to  be  filled  with  the  unbranched  rods  the  benefit  to  the  plant  will 
he  little  or  nothing,  and  the  presence  of  nodules  upon  the  roots  may 
even  be  a  detriment.  Too  little  attention  has  been  paid  to  this  point, 
the  almost  universal  opinion  being  that  all  nodules  are  able  to  supply 
nitrogen  to  the  plant,  and  any  failure  in  a  crop  well  supplied  with 
these  growths  must  be  due  to  other  causes.  This  is  not  the  fact,  how- 
ever, there  btsing  no  question  that  frequently  the  organisms  producing 
nodules  have  lost  the  power  of  going  into  the  branched  condition;  and 
thus,  while  preventing  their  destruction  by  the  plant,  they  defeat  the 
very  object  for  which  they  are  supposed  to  be  so  valuable.  That  this 
condition  is  due  to  the  organism  itself,  and  is  not  the  result  of  lack  of 
vigor  on  the  part  of  the  plant  which  prevents  its  secreting  the  enzyme 
that  will  make  the  bacteria  availaiile,  is  proved  by  the  fact  that  it  is 
possible  to  control  this  situation  by  modifying  the  character  of  the 
bacteria.  Thus,  if  nodule-forming  organisms  be  grown  upon  artificial 
media  for  a  long  time,  where  they  are  almost  invariably  in  the  rod 
condition,  this  form  becomes  so  firmly  established  that  plants  inocu- 
lated with  such  cultures,  although  forming  nodules,  receive  practically 
no  benefit,  the  nodules  remaining  firm  and  hard  and  furnishing  no 
nitrogen  to  the  roots. 

It  is  precisely  the  same  as  trying  to  furnish  a  plant  with  ite  supply 
of  calcium  or  potassium  in  an  insoluble  form.  These  essentials,  of 
plant  food  may  ))e  present,  but  so  long  as  they  remain  fixed  and  will 
not  pass  into  solution  they  are  valueless  to  the  plant.  The  nodule 
oi^nism  of  most  legumes,  so  long  as  it  retains  the  rod  form,  is  insolu- 
ble, and  the  plant  must  be  supplied  with  bacteria  capable  of  passing 
into  the  branched  stage  under  the  conditions  existing  in  the  nodule  if 
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thej  are  to  be  of  service.  Thiw  it  is  plain  that  the  nitrogen  is  lixed 
Dot  by  the  plant  but  by  the  bacteria  within  its  rootd,  and  this  element 
bec-onied  available  to  the  pUnt  only  on  account  of  its  ability  to  di>j»olve 
and  absorb  these  nitrogen-containing  bodies.  Consequently,  there  is 
after  all  no  conflict  with  the  original  dictum  of  Bouiisingault  that  the 
higher  plants  can  not  use  directly  the  nitrogen  of  the  atmosphere.  It 
is  no  more  proper  to  insist  that  the  legumes  themselveii  can  combine 
nitrogen  gas  than  it  is  to  claim  this  function  for  wheat  or  potatoes. 
The  ability  to  absorb  bacteria  rich  in  nitrogen  is  the  only  property 
peculiar  to  the  nodule-bearing  plants.  If  nematode  wormu  were 
largely  nitrogenous,  and  violets  and  other  plants  infected  by  them 
were  capable  of  destroying  and  absorbing  these  parasites,  it  would  be 
just  as  correct  to  term  the  nematode-infected  plants  "  nitrogen-fixing" 
as  it  is  to  ascribe  any  such  function  to  the  legumes. 

8TMBIOBI8  OS  FAKASITZSMr 

Granting  the  facts  juijt  stated,  we  are  at  once  confronted  with  the  old 
idea  of  the  supposed  symbiotic  relation  between  the  bacteria  and  the 
plant.  Painful  as  it  may  be  to  disturb  one  of  Nature^s  mutual  benefit 
societies,  there  seeras  to  be  no  other  way  than  to  con^^ider  the  nodule- 
forming  bacteria  as  true  parasites  which  penetrate  the  roots  of  the 
plant  for  the  purpose  of  obtaining  the  necessary  carbohydrates  for 
food.  Fortunately  for  the  host  plant,  there  are  certain  conditions 
under  which  it  can  overcome  the  bacteria  and  eat  them  up,  as  it  were, 
thus  obtaining  a  considerable  amount  of  nitrogenous  food  which  would 
not  otherwise  have  been  available.  That  there  is  anything  ideal  or 
truly  symbiotic  (in  the  sense  that  De  Bary  used  the  t«nn)  about  this 
arrangement  is  difScult  to  comprehend.  The  only  cooperation  between 
bacteria  and  host  seems  to  consist  in  the  microbe  having  the  best  of 
the  situation  at  first,  when  it  is  able  to  secrete  substance^^  injurious  to 
the  cells  of  the  legume,  and  later  the  host  plant  retaliates  by  secreting 
still  other  substances  which  result  in  the  complete  destruction  of  most 
of  the  bacteria.  So  long  as  it  was  maintained  that  the  nodule  organ- 
ism could  only  grow  in  the  root  of  a  legume  or  upon  an  extract  of 
these  plants,  as  was  claimed  by  Hiltner"  and  many  others,  there  might 
have  been  some  slight  foundation  for  the  theory,  but  even  this  basis 
is  now  gone.  While  not  agreeing  with  Peirce*  in  consideiing  it  diflS- 
cult  to  understand  how  the  leguminous  plant  as  a  whole  can  benefit  by 
an  association  with  Pseudomonaa  radicieola,  which  is  injurious  and 
finally  destructive  to  the  cells  in  which  the  bacteria  occur,  his  conclu- 
sion r^^arding  the  parasitic  nature  of  these  bacteria  is  undoubtedly 
correct. 

"Selekoe  Khozyaleti'o  i  Lyeaovodetvo,  St.  Petersburg,  180S,  pp.  425-462. 
(Proc  Cal.  Acad.  Bd.,  2,  June,  1902. 
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DTFEOTION  AXV  FrZATION  OF  KirsOOBN  WITHOtFT  ITODUIillB. 

The  wide  distribution  by  the  Department  of  Agriculture  of  cultures 
for  the  purpose  of  experimenting  with  the  artiticiHl  inoculation  of  the 
soil  has  led  to  some  very  interesting  results,  some  of  which  may  have 
a  considerable  bearing  upon  the  final  perfection  and  Nucce<i»  of  the 
method  now  in  use.  One  of  the  most  striking  effects  reported  by  some 
careful  observers  was  the  apparent  beneficial  action  of  the  culture 
without  the  formation  of  nodules.  In  one  instance  at  u  State  experi- 
ment station  three  plots  of  soy  beans  were  planted,  one  inoculated 
with  a  Department  of  Agriculture  artificial  culture,  another  treated 
with  soil  from  a  field  which  grew  nodule-covered  soy  beans  in  abun- 
dance, and  lastly  an  uninoculated  plot  for  the  purpose  of  checking  the 
other  two.  The  soil  for  tiie  three  experiments  was  as  nearly  alike  as 
po.ssible,  and  the  treatment,  except  as  to  inoculation,  was  precisely  the 
same.  As  the  season  advanced  it  was  noted  that  the  check  plot  devel- 
oped no  nodules  and  rapidly  failed:  the  plot  inoculated  by  the  transfer 
of  soil  produced  nodules  and  made  a  fair  average  growth,  but  the  plot 
treated  with  the  artificial  culture  far  exceeded  it  in  every  way.  This 
was  not  so  surprising  until  an  inspection  of  the  roots  showed  the  entire 
absence  of  nodules.  No  explanation  could  be  offered  at  the  time,  but 
later,  when  practically  the  same  conditions  were  noted  in  some  experi- 
ments with  ber-ieem  in  the  West,  plants  were  secured  which  threw 
some  light  upon  the  situation.  As  the  result  of  a  careful  micRKScopical 
examination  of  the  roots,  it  was  found  that  although  no  nodules  were 
evident— in  fact,  did  not  exist — the  cells  within  the  Mmaller  roots  were 
packed  with  the  chai-acteristic  bi-anching  forms  of  iWiiflomojiOS  radici- 
cohi,  and  that  undoubtedly  the  plant  was  able  to  obtain  considerable 
benefit  from  the  pre.sence  of  these  organisms. 

The  same  condition  has  been  found  in  alfalfa,  and  it  is  presumed 
that  it  was  this  internal  infection  which  was  encountered  several  years 
ago  in  white  lupine,  although  not  recognized  at  the  time.  Plate  V 
illustrates  most  strikingly  the  ditference  which  may  occur  in  plants 
producing  normal  nodules  and  those  inoculated  but  showing  no  exter- 
nal evidence  of  infection.  The  small  bunch  of  alfalfa  plants  was 
grown  upon  rich  creek  bottom  land  which  had  been  o\erflowed  and 
inoculated  by  the  carrying  in  of  bacteria  from  a  melilotus  field. 
These  plants  were  abundantly  supplied  with  nodules.  The  larger 
plants  were  grown  upon  the  same  farm,  but  upon  sandy  upland  where 
no  legumes  had  been  previously  planted.  Consequentlj'.  the  seeds 
were  inoculated  with  a  culture  supplied  by  the  Department  and  with 
most  satisfactory  results.  There  was,  however,  no  evidence  of  nod- 
ules, and  not  until  after  a  microscopical  examination  of  the  roots  wtis 
it  known  that  they  were  thoroughly  infected  with  nitrogen -fixing 
bacteria. 
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Since  the  production  of  thiM  i>eculiur  result  under  control  conditions 
has  not  as  yet  been  possible,  it  is  difficult  to  conjecture  just  what  cir- 
cumstances would  produce  such  an  effect.  It  was  undoubtedly  of 
advantage  to  the  plants  in  all  of  the  known  cases  and  may  lie  a  much 
more  universal  phenomenon  than  is  supposed.  Of  course,  wherever 
nodules  are  produced  abundantly  there  will  be  little  opportunity  foi' 
detecting  internal  infection.  The  absence  of  nodules  in  poor  soil 
upon  a  crop  that  was  failing  would  seem  to  indicate  that  no  nitrogen 
was  being  fixed  and  that  no  bacteria  were  present.  Where  legumes  have 
been  successful  without  nodules  it  has  generally  been  supposed  that 
the  soil  was  rich  enough  in  nitrogen  to  support  the  plant  and  that  the 
requisite  Iracteria  either  had  never  found  their  way  into  the  soil  or 
because  of  the  excess  of  nitrogen  bad  been  prevented  from  developing. 
Cases  of  this  character  must  be  more  fully  investigated  before  it  is 
known  how  frequently  inoculation  without  nodules  may  occur.  That 
it  is  not  an  impossibility  is  sufficiently  evident  to  warrant  further  study. 

DfOOULATION  BT  PUKE  OUIiTUltB. 

As  has  already  been  shown,  in  order  to  secure  artificially  a  satisfac- 
tory inoculation  of  any  leguminous  crop  it  is  necessary  that  the  greatest 
precaution  be  taken  in  procuring  the  original  culture.  The  method  of 
growing  the  organisui  upon  some  medium  relatively  free  from  niti-o- 
gen  is  important  in  order  that  its  virulence  may  not  be  lost,  and  from 
the  time  the  bacteria  are  plated  out  from  the  nodule  until  they  arc 
introduced  into  the  soil,  every  effort  must  be  made  to  preserve  and 
increase  as  far  as  possible  the  nitrogen-fixing  and  root-penetrative 
power  of  these  organisms.  Even  though  the  efficiency  of  the  culture 
be  at  its  highest  point,  the  more  fact  of  its  having  to  grow  for  a  con- 
siderable time  under  artificial  conditionr<  is  apt  to  weaken  it-,  conse- 
quently, the  means  of  preserving  and  di.stributing  the  bacteria  after 
they  are  propagated  are  fully  as  important  as  the  method  of  obtaining 
them  in  sufficient  quantity  for  such  distribution.  This  is  another 
reason  why  the  nodule-forming  bacteria  sent  out  upon  rich  nutrient 
media  failed  to  maintain  their  original  strength,  and  if  it  had  not  been 
possible  to  devise  some  more  satisfactory  way  of  delivering  these 
organisms  to  the  farmer,  it  is  probable  that  but  little  success  could  ever 
have  been  attained  by  the  pure-culture  method.  Fortunately,  how- 
ever, although  Paeudomonas  rad'icicola  does  not  produce  spores,  the 
large  rods  will  withstand  desiccation  for  a  year  or  more,  and  there- 
fore, because  they  may  lie  sent  dry  any  distance  and  upon  being 
revived  be  in  the  same  condition  of  efficiency  with  which  thev  started, 
the  problem  becomes  a  very  simple  one. 

The  method  which  has  been  employed  in  the  Department  of  Agri- 
culture for  the  past  year  has  been  to  saturate  absorbent  cotton  in  a 
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liquid  culture  of  the  iiodulc-furming  organism.  In  this  way  millions 
of  the  bacteria  are  held  within  the  cotton,  and  aft«r  this  is  carefully 
dried  out  they  remain  donnant  in  much  the  way  that  seeds  do,  waiting 
for  the  proper  conditions  to  revive  them.  Where  it  is  possible  to 
obtain  sterile  utensils  and  to  prevent  absolutely  the  entrance  of  micro- 
organisms it  is  sufficient  to  insert  the  inoculated  cotton  into  sterilized 
water,  when  in  the  course  of  time  the  bacteria  will  have  multiplied  suffi- 
ciently to  produce  a  decided  clouding  of  the  culture  and  will  be  ready  to 
introduce  into  the  ground.  This  would  require  too  long,  however,  and 
it  is  also  difficult,  when  preparing  to  treat  large  quantities  of  seed,  to 
prevent  the  entrance  of  other  bacteria,  molds,  yeasts,  etc. ,  all  of  which 
may  have  a  deleterious  effect  upon  the  growth  of  the  nodule-producing 
organism.  For  this  reason  it  has  seemed  best  to  prepare  the  wat«r  in 
such  a  way  as  will  facilitate  the  growth  of  the  desired  bacteria  and  yet 
delay  or  prevent  the  development  of  the  forma  which  might  be  intro- 
duced from  the  outside.  Consequently,  two  packages  of  nutrient  salts 
have  been  distributed  with  the  cotton  culture,  one  containing  sugar, 
m^nesium  sulphate,  and  potassium  phosphate,  and  the  other  ammon- 
ium phosphate.  (See  PI.  1.)  By  the  addition  of  the  first  three  ingredi- 
ents to  the  water  containing  the  cotton  saturated  with  bacteria  a  solution 
is  formed  which  is  not  well  adapted  for  the  growth  of  the  organisms 
usually  carried  about  in  the  air,  but  is  well  suited  for  the  multiplication 
of  the  nodule-forming  bacteria.  The  addition  of  the  ammonium  phos- 
phate at  the  end  of  twenty-four  hours  tends  to  inci-ease  still  further 
the  growth  of  these  bacteria,  which  are  already  welt  started  if  the 
temperature  has  not  been  too  tow  or  too  high. 

HETHODS  OF  USIKO  JJiVUUt  OTTLTimX. 

After  the  water  containing  the  nutrient  salts  and  bacteria-laden 
cotton  has  been  allowed  to  stand  until  it  becomes  milky  with  the 
nodule-forming  organisms,  it  is  necessary  to  introduce  this  culture 
into  the  gi'ound.  This  may  be  accomplished  in  two  ways,  either  by 
moistening  the  seeds  with  the  fiuid,  the  bacteria  adhering  to  their  sur- 
faces and  consequently  being  in  close  proximity  at  the  time  of  germi- 
nation, or  by  mixing  earth  or  sand  with  the  culture  and  spreading 
over  the  field  as  one  would  apply  fertilizer.  Greenhouse  and  small- 
plot  experiments  indicated  no  particular  advant^e  of  one  method  over 
the  other,  and  the  hundreds  of  reports  received  from  all  over  the 
country  show  that  either  means  of  introducing  the  organisms  will  pro- 
duce satisfactory  results  if  the  directions  are  properly  followed.  The 
sheet  of  directions  which  has  accompanied  each  package  of  inoculating 
material  as  distributed  by  the  Department  of  Agriculture  reads  as 
follows: 
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0.  ?SWJ9  graalrd 

Put  1  gallon  o[  clean  water  (preferably  raia  water)  in  a  clean  tab  or  bucket  an<l 
add  No.  1  of  the  inclosed  package  of  ealte.    Stir  occasionaliy  until  all  is  dissolved. 

Carefully  open  package  No.  2  and  drop  the  inclosed  cotton  into  the  solution. 
Cover  the  tub  with  a  paper  to  protect  from  dust,  and  set  aelde  in  a  warm  place  fur 
twenty-four  houra.  Do  not  heat  the  solution  or  you  will  kill  the  liact«ria — it  hIiomIiI 
never  be  warmer  than  blood  heat. 

Afl«r  twenty-four  hours  eAA  the  (y>ntentfl  ot  package  No.  3.  Within  twenty  hoiint 
mor?  the  solution  will  have  a  cloudy  appearance  and  in  ready  for  use. 

To  inoculaie  need. — Take  joat  enough  of  the  solution  to  thoroughly  moisten  the  Hcetl. 
Stir  thoroughly  so  that  all  the  aeeda  are  touched  by  the  solution.  Spread  out  the' 
seeds  in  a  shady  place  until  they  are  perfectly  dry,  and  plant  just  as  you  would 
untreated  seed.  If  bad  weather  should  prevent  planting  at  once,  the  inoculutetl 
seed,  if  thoroughly  dried,  maybe  kept  without  deterioraljoa  fonteveral  weeks.  The 
dry  cultures  as  sent  from  the  laboratory  will  keep  for  several  months.  Do  not  pre- 
pare the  liquid  culture  roore  than  two  or  three  days  previous  to  the  time  when  the 
seeds  are  to  be  treated,  as  the  solution  once  made  up  must  usually  be  used  at  the 
end  of  forty-e^ht  honrs. 

To  inoculaU  toil. — Take  enough  dry  earth  eo  that  the  solution  will  merely  moisten 
it.  Mix  thoroughly,  so  that  all  the  particles  of  soil  are  moistened.  Thoroughly  mix 
this  earth  with  four  or  five  times  as  much,  say  half  a  wagonload.  Kpread  this  inoc- 
□lated  soil  thinly  and  evenly  over  the  prepared  Kiy>und  exactly  as  if  spreading  fer- 
tilizer.   The  inoculated  soil  should  be  harrowed  in  immediately. 

Either  of  the  above  methods  may  be  used,  as  may  be  most  convenient. 

THEE  OF  INOCUI^TION. 

The  results  of  numerous  laboratory  experiments  have  seemed  to  dem- 
onstrate that  it  19  impossible  for  the  nodule- forming  bacteria  to  pene- 
trate the  roots  of  legumes  after  they  have  attained  an  age  of  from  two 
to  four  weeks.  Maria  Dawson"  found  that  plantH  having  roots  from 
It  inches  to  2  inches  long  produced  no  nodules,  while  those  with  roots 
only  about  one-half  inch  in  length  were  thoroughly  inoculated  with 
the  same  culture.  For  this  reason  it  has  been  considered  that  it  whs 
uadless  to  attempt  to  add  the  nitrogen-tixing  bacteria  to  a  growing 
crop,  and  the  directions  were  adapted  to  )>e  used  at  the  time  of  seeding 
only.  Practical  experience  in  the  field,  however,  has  given  some 
results  which  would  seem  to  indicate  that  under  some  circumstances 
the  use  of  inoculating  material  upon  a  standing  crop  of  any  age  will 
be  of  benefit. 

F.  G.  Short,  of  Fort  Atkinson,  Wis.,  writes: 

In  July  the  Department  sent  me  a  sample  of  alfalfa  bacteria,  with  directions  (or 
application.  This  was  used  on  a  field  of  alfalfa  which  had  been  newly  setHled  tliiH 
spring  and  up  to  that  time  had  shown  a  very  small  growth  of  yellow,  ratlier  slunteil 
plants.  1  used  the  bacteria  according  to  directions  and  can  see  there  is  quite  a 
decided  change  for  the  better. 

oFhil.  Trans.  Koy.  Soc.,  London,  1899,  p.  21. 
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John  0.  Lloyd,  of  Utica,  Nebr,,  used  a  culture  upon  5  acres  of 
alfalfa  sown  three  years  ago.  The  result  was  "  ranker  jfrowth  than 
before  treatment  and  much  heavier  crop  of  hay.  Out  three  times  and 
could  have  cut  four,  but  pastured  the  last  crop." 

lu  Hoard's  Dairj'man  for  November  11, 1904,  an  account  is  given  of 
the  treatment  of  old  alfalfa  fields  with  liquid  culture  applied  by  means 
of  a  street  sprinkler.  An  experimental  trial  of  this  method  was  made 
by  one  of  the  editors  of  the  paper  with  "very  evident  success." 

From  Levy,  Mo.,  Thomas  O.  Hudson  writes  regarding  a  field  of 
alfalfa  planted  in  1901  and  treated  with  inoculating  material  in  March, 
iy04: 

Results  good.  It  was  eickly  and  yellow  and  spindling,  and  did  not  do  any  good 
until  this  year.    This  year  it  was  dark  given  and  thrifty.    1  think  it  will  be  better 

Another  report  upon  an  alfalfa  field  to  which  bacteria  were  added 
during  the  fourth  vear  was  recenti)' sent  by  U.  J.  Hess,  North  Yakima, 
Wash.: 

The  crop,  which  had  been  short,  pale,  and  §pindling,  took  on  a  darker  color  and  a 
rank  growth  and  yielded,  1  tliink,  about  three  times  as  much  as  formerly. 

The  same  resulte  have  l>een  noted  for  clover,  H.  W.  Dunlap,  Hol- 
Und  Patent,  N,  Y.,  reporting  that  having  more  of  the  liquid  culture 
than  could  l>e  used  for  some  seed  he  was  inoculating,  he  mixed  it  with 
a  light  loam  and  t^pread  it  upon  a  part  of  a  field  already  in  clover. 
The  difference  in  color  and  size  of  the  plants  later  on  indicated  where 
the  soil  had  been  distributed. 

Mrs.  J,  A.  Wells,  of  Bryn  Athyn,  Pa.,  ti-ied  watering  pea  vines  a 
month  old,  with  undoubted  success,  and  the  results  of  a  similar  treat- 
ment by  John  R,  Spears,  of  Northwood,  N.  Y.,  are  shown  on  Plate  X, 
Mr.  Spears  treated  his  peas  with  the  culture  solution  with  the  excep- 
tion of  one  i^w,  after  they  were  two  or  three  inches  high,  and  the 
decided  benefit  is  indicated  by  his  report  printed  elsewhere  in  this 
bulletin. 

In  the  light  of  these  and  similar  experiments,  there  can  be  no 
doabt  that  bacteria  of  a  high  state  of  virulence  are  capable  of  produc- 
ing inoculation  at  practically  any  time  during  the  life  of  the  legume 
if  the  conditions  in  the  soil  are  favorable.  It  is  probable  that  similar 
results  have  not  been  previously  noted  because  bacteria  of  such  high 
efficiency  have  not  been  used.  While  it  can  not  be  stated  that  as  sat- 
isfactory an  inoculation  will  be  obtained  in  this  way  as  by  treating  at 
the  time  of  planting,  it  certainly  seems  that  under  most  circumstances 
where  a  crop  is  failing  for  the  lack  of  nitrogen-fixing  bacteria  it  is 
worth  while  making  an  effoi-t  to  introduce  them,  even  though  the 
plants  Iw  several  years  old. 
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WSXN  INOOUI.ATION  IS  mnraCESSAItT. 

Since  the  only  purpose  of  the  bacteria  added  to  the  soil  is  to  furnish 
nitrogen  to  the  plants  in  an  available  form,  usually  within  root  nodiilew, 
it  is  evident  that  where  the  organisms  are  already  abundant  and  the 
crop  ia  thriving,  but  little  benefit  can  be  expected  from  an  additional 
inoculation.  Of  course,  the  nodules  may  be  of  the  parasitic  kind,  fur- 
nishing little  or  no  nitrt^en,  or  they  may  be  insufficient  in  quantity,  in 
which  case  the  addition  of  a  fresh  lot  of  bacteria  may  produce  bene- 
ficial results.  A  considerable  number  of  reports  have  been  received, 
indicating  that  even  with  such  universally  distributed  organisms  as 
those  occurring  on  cowpeas  and  red  clover,  the  artificial  inoculation  of 
an  old  field  produced  a  noticeable  increase,  and  there  is  every  reason 
to  believe  that  where  the  land  contains  bacteria  of  a  less  degree  of 
virulence  than  those  sent  out  in  the  Department  cultures,  an  inocula- 
tion is  worth  while.  On  the  other  hand,  it  should  be  remembered  that 
many  fields  are  thoroughly  supplied  with  bacteria  of  the  highest 
efficiency,  and  no  additional  supply,  however  abundant,  will  increase 
the  yield. 

Inoculation  would  also  be  of  little,  if.any,  benefit  to  a  rich  soil  con- 
taining a  large  amount  of  available  nitrogen.  As  has  been  shown, 
the  nitrogen-fixing  bacteria  will  not  grow  well  under  such  conditions, 
and  being  in  an  enfeebled  stage  the  plants  are  able  to  withstand  their 
action.  Furthermore,  the  earth  already  being  supplied  with  a  suf- 
ficient amount  of  nitrogen,  the  plants  will  draw  upon  this  direct  source 
and  produce  as  abundantly  as  if  provided  with  nodules.  This  condi- 
tion, however,  is  very  undesirable  for  leguminous  crops,  and  they 
should  not  be  grown  upon  ^uch  a  piece  of  land  unless  poorer  soil  can 
not  be  obtained,  or  unless  a  legume  is  the  most  profitable  crop  for 
that  region.  The  use  of  artificial  cultures  is  preeminently  designed 
for  poor  soil  which  it  is  desirable  to  bring  into  condition  for  produc- 
ing some  root  or  grain  crop  demanding  large  amounts  of  nitrogen. 

WHXN  INOCimATION  IS  NBOESSABT. 

All  legumes  grown  either  for  the  purpose  of  enriching  the  soil  or 
for  the  crop  must,  in  order  to  be  of  the  greatest  benefit  to  the  land 
and  the  plants,  be  provided  with  the  nitrogen-fixing  bacteria.  It  is 
l)elieved  that  the  artificial  culture  is  the  method  most  efficient,  cheap- 
est, and  freest  from  objectionable  qualities.  For  these  reasons  inocu- 
lation should  always  be  practiced  under  the  following  conditions: 

(1)  On  poor  land  which  has  not  previously  grown  legumes. 

(2)  On  land  which,  although  plantetl  to  legumes,  has  not  produced 
a  crop,  and  the  roots  of  which  legumes,  upon  examination,  fail  to  show 
the  presence  of  nodules. 
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It  is  prolmble  tlmt  good  results  will  follow  the  arttti<;ial  introduction 
of  baxiterta  if— 

(1)  The  legumes  to  be  planted  belong  to  another  group  (han  those 
already  cultivated  upon  the  land. 

(2)  The  same  crop  is  to  l>e  planted  upon  land  which  previously  pro- 
duced a  yellow  and  wickly  lot  of  legumes  possessing  nodules  which, 
instead  of  lieing  a  benefit,  acted  as  parasites. 

If  the  conditions  favor  the  trial,  good  results  may  be  obtained  from 
the  use  of  pure  cultures  when — 

(1)  The  crop  has  already  been  planted  and  gives  evidence  of  failure 
due  to  the  absence  of  bacteria  in  the  soil. 

(2)  A  field  which  has  previously  grown  good  crops  of  legumes 
begins  to  give  even  a  slight  evidence  that,  all  other  conditions  being 
the  same,  it  is  not  producing  the  highest  yield.  This  situation  is  the 
hardest  to  detect,  because  it  depends  upon  a  gradual  loss  of  virulence 
of  the  bacteria  already  in  the  soil,  and  the  only  way  of  being  certain 
of  this  condition  is  to  try  inoculation  and  note  results. 

WHEN  TO  EXPECT  FAHiUBE  WTOH  IN00TTI.ATI01T. 

Failure  with  inoculation  may  be  expected — 

(1)  When  the  directions  for  preparing  the  culture  media  are  not 
carefully  followed. 

While  the  method  is  so  simple  that  anyone  observing  ordinary  care 
can  have  no  difficulty  in  securing  the  proper  growth,  it  is  absolutely 
essential  that  the  few  necessary  instructions  be  observed.  The  fact 
that  thousands  of  farmers  throughout  this  country  with  nothing  but 
the  printed  directions  have  been  able  to  obtain  such  satisfactory 
results  is  proof  that  no  special  knowledge  of  bacteriology  is  necessary 
in  preparing  and  applying  the  culture  fluid.  Placing  the  solution 
upon  ice  before  it  has  had  time  to  develop  the  bacteiia,  planting  the 
unopened  packages  in  a  hole  in  the  gi'ound,  pouring  the  liquid  culture 
into  small  depressions  at  intervals  of  a  rod  or  more,  and  similar  pro- 
cedures contrary  to  the  directions  will  not  have  the  effect  desired. 
Unfortunately,  the  distribution  of  bacteria  for  the  purpose  of  increas- 
ing the  nitrogen  supply  can  not  be  as  definite  and  complete  as  if  a 
finished  product  were  sent  out.  The  culture  does  not  itself  contain 
the  nitrogen,  but  simply  the  organisms  which  potentially  possess  the 
power  of  fixing  nitrogen,  and  which,  if  properly  handled,  will  increase 
in  such  numbers  as  to  be  of  material  benefit  to  the  plants  with  which 
they  become  associated. 

Plate  VI  will  illustrate  the  diflference  in  results  obtained  from  dia- 
i-egarding  directions  and  from  properly  following  them.  Figure  1 
represents  the  best  of  a  very  few  plants  remaining  upon  a  field  planted 
and  inoculated  more  than  a  year  and  a  half  ago.  The  result  was  a 
failure,  but  because  some  question  was  raised  as  to  whether  proper 
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care  had  becD  observed  in  pi-cparin^  the  culture  another  packafi^  of 
cotton  saturated  with  bacteria  from  precisely  the  same  lot  an  the  first 
was  sent,  with  instructions  to  use  especial  care  in  making  and  apply- 
ing the  solution.  The  result  of  the  second  trial  is  nhown  in  figure  2, 
the  plants  being  about  two  months  old. 

(2)  When  the  ground  is  already  thoroughly  inoculated. 

(3)  When  the  soil  is  so  rich  in  nitrogen  as  to  prevent  the  growth  of 
nodule- forming  bacteria, 

(4)  When  the  soil  is  too  acid  or  too  alkaline  to  permit  the  develop- 
ment of  either  plants  or  bacteria. 

(5)  When  the  soil  is  deficient  in  other  necessary  phint  foods,  such 
as  potash,  phosphorus,  etc.,  as  well  as  nitrogen. 

It  should  also  be  borne  in  mind  that  no  amount  of  inoculation  will 
overcome  poor  results  due  to  bad  seed,  improper  preparation  and 
cultivation  of  the  land,  and  decidedly  adverse  climatic  conditions. 


All  of  the  foregoing  discussion  regarding  the  benefits  to  be  derived 
from  inoculation  and  the  methods  devised  for  propagating  and  distrib- 
uting the  nitrogen-fixing  bacteria  amounts  to  nothing  unless  it  can  be 
shown  that  these  cultures  really  accomplish,  under  the  general  con- 
ditions to  be  found  upon  any  farm,  a  decided  increase  in  a  crop  over 
one  grown  without  inoculation.  In  order  that  the  bacteria  mighthave 
the  most  thorough  practical  test  possible,  the  Department  of  Agricul- 
ture has  for  the  last  year  conducted  one  of  the  largest  experiments  of 
its  nature  ever  undertaken  in  any  country.  By  the  free  and  unlimited 
distribution  of  cultures  to  practically  everyone  who  was  sufficiently 
interested  to  request  a  package,  it  has  been  possible  to  secure  about 
12,500  tests,  under  the  most  varied  conditions,  in  almost  every  State 
of  the  Union.  The  following  list  indicates  the  number  of  packages 
distributed  up  to  November  1,  1904. 

Table  I. — Nrnnber  of  pacta 
from  November,  190S,  to  JV 
coanlriei. 


£ 
1 

< 

Clover.     1            P«. 

Bean. 

1 

1 

Bt*te  nr  Tenllory. 

1 

1 

1 

1 

1 

3 

7 

i 

1 

1 

242 

SO 

'! 

45 

1 

10 

8 

m 

'l71 
20 
30 
10 
28 
40 
SO 

2 

1 

2 

i 

21 

■ij- 

2 

22 
IS 

28 
4IS 

1 

] 

I 

* 

DJjM«ofColi.mbi..... 

"1 

^ 

1^ 

Mt:::::::::::;::::; 

w 

X^otwlc 


soil.   INOCULATION    FOR   LEGUHES. 

— .Vtunfcr  of  parkaga  of  inoculating  vmterial  {or  inimiUiled  setd)  digtribvitd 
from  November,  190g,  to  November,  1904,  €lc.— ContJnned. 


5 

Clorer. 

Pea. 

Be... 

1 

" 

s..»^„„„. 

J 

j 

i 

f 

1 

j 

i 

1 

1 

1 

1« 

S 

IK 
60 

95 

211 

M 
3 

a» 

200 
26 

273 
72 

70 
IM 

1 
51 

2 

17 
101 

ins 

4 

S3 
S6 

96 
38 

i 

....„ 
....„ 

8 

e 

7 

9 
20 
10 

""»»' 

8 

7 
48 

1 

1 
88 
16 

..^. 

8 

i 

14 

I 

9 
10 

10 
13 

.... 

I 

4 
20 

11 

9 
10 
2S 

5 

6 

3 

SgSS?-" 

104 

9 

t 

HI^MU' 

90 
2 

:i 

3 

8 

4 

si^j^r"" 

22 

M 
2 

■  ■  4g- 

2 

13 

SO 
63 

...... 

8 
6 

3 

46 

I 

i 

68 

25 

12 

8 

S 

I 

I 

3» 

4 

iSfe------ 

0£{"j  — 

2S 
8 

i 

KS^te"^"'^ 

2 

1 

48 

2 
17 

e 

26 
27 

IS 

3 

3 
8 

J 

10 

1 

1 

2 

36 

I 

i 

I 

I 

1 

B8 
3 

"s 

""I 

2 
11 

86 

....       22 

WtaooiHln 

1 

„„„.oo,™,». 

J 

J 

fl 

1     i 

'i 

1 

1 

1 

"i 

' 

a 

I 

1 

3 

....! 

? 

2 
878 

8 

a 

'    3 

3 

iw 

79 

90 

870 

8 

122 

M     IS 

24 

Uncla»dflf-I 

1.287 

'*•»' 

5,m 

2,079 

sas 

7T8 

1.094 

216 

676 

"l" 

647 

871 

12.490 

BBPOBTS. 

While  it  has  been  impossible  to  receive  reports  from  all  experi- 
menters, the  percentage  of  replies  ha,s  been  unusually  large  and  is 
quite  sufficient  to  enable  the  formation  of  a  fair  opinion  as  to  the  value 
of  the  cultures  distributed.  In  calling  for  a  report  it  was,  of  course, 
understood  that  in  some  ca.'ses  where  the  culture  was  used  the  result- 
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injr  crop  ooiild  not  be  a  success,  and  the  uuera  were  asked  to  indicate, 
as  far  a^i  possible,  when  the  failure  waa  evidently  due  to  some  fault  of 
seed  or  weather.  Likewise,  if  the  soil  was  shown  to  have  been  stocked 
previously  with  the  proper  bacteria  and  good  crops  were  produced, 
the  use  of  inoculating  material  was  not  expected  to  be  of  benefit,  and 
no  difference  would  be  detected  between  treated  and  untreated  land. 
It  is  obviously  difficult,  however,  to  get  all  experimenters  to  make  a 
note  of  these  conditions,  a  report  upon  the  general  result  being  about 
all  that  can  be  expected  in  most  cased.  For  this  reason  the  sum- 
mary of  the  reports  is  not  as  favorable  for  inoculation  as  it  probably 
would  be  if  all  of  the  experiments  coutd  have  been  followed  in  the  same 
way  as  is  possible  when  such  investigations  are  conducted  upon  a  small 
scale.  It  should  also  be  remembered  that  no  selection  of  the  region 
in  which  tests  were  to  be  made  was  possible.  Experiments  with  inoc- 
ulated seed  of  crops  manifestly  unadapted  for  the  locality  in  which 
they  were  sown  which  were  reported  as  a  failure  of  the  inoculating 
material  have  been  recorded  as  such.  In  spite  of  counting  unfavor- 
able reports  of  this  kind,  which  by  no  fair  adjustment  should  be 
included,  but  which,  on  account  of  the  impossibility  of  tieing  certain 
of  the  conditions,  could  not  he  thrown  out,  the  average  percentage  of 
failures  is  lees  than  is  generally  expected  from  the  indiscriminate 
planting  of  need  known  to  be  good. 

The  tabulated  reports  so  far  as  received  up  to  November  15,  1904, 
for  all  of  the  principal  crops  are  as  follows: 


TULB  11.- 


f*  of  experimenU  ^mih  principal  crop*. 


l.aa 


BaiTTTelcR... 


VelTetbewi... 
Alslke 


J  ormiili 
Srt.',    «'™' 


faX^'. 


eBbelogmadeto'expedmeDls  carried  on  undeicondi- 


The  following  reports  have  been  selected  with  a  view  to  showing 
the  results  obtained  by  using  the  cultures  sent  out  by  the  Department 
of  Agriculture  upon  various  crops  in  practicaJLly  all  of  the  States  where 
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they  can  be  grown.  It  h  believed  that  a  careful  examination  of  the 
replies  received  from  no  many  different  experimenters  who  hftvc  bad  no 
other  instrurtionfl  than  those  sent  with  the  inoculating  material  will 
demonstrate  the  Huccess  of  the  new  methods  devised  by  the  Depart- 
ment in  a  way  that  would  be  impossible  by  a  mere  discussion  of  results 
obtained  in  the  laboratory  or  greenhouse. 

ALFALFA. 

Alabama,  (Xat/hatdiie.     E.  A.  Thompson.— The  few  plants  which  were  not  overcome 
by  the  drought  show  that  the  inoculation  was  effectoal. 
Opdika.    Cecil  G.  Lee.— The  nodnlea  (onned  on  the  roots,  and  I  have  a  good 


Abbaksas,  Mounl  Ida.  D.  Petere. — Made  a  crop  where  it  would  not  grow  before. 
Am  of  opinion  that  the  inoculation  is  all  right. 

Calipokhia,  Sanger.  K.  C.  Southworth. — I  ha<I  only  material  enough  to  inoculate  5 
acres;  seeded  25  acres  to  alfalfa.  The  inoculated  seed  grew,  the  other  did  not 
I  used  it  with  suchsuccete  last  winter  that  I  feel  thatlmust  have  it  for  all  this 
winter's  seeding,  and  sm  anxions  to  secure  enough  for  about  900  pounds  of 
alfalfa  seed. 
Merra.  E.  Brauckmac. — I  am  glad  to  state  that  the  inoculation  of  the  alfalfa 
field  is  a  success.  The  soil  is,  or  was,  esceedingly  salty,  growing  nothing  but 
saltwort  and  bushy  samphire.  I  had  grave  fears  whether  the  micrabes  could 
flourish  in  such  soil. 
Jfom  Gratiile.  Morgan  R.  Watkins. — The  (toi«  (alfalfa  and  cowpeaa)  were  far 
in  excess  of  the  best  results  heretofore,  though  plante<l  on  the  poorest  soil  and 
in  the  driest  weather.    Other  plantings  were  absolute  failures. 

CoNMBtTicuT,  Granhy,  Daniel  P.  Cooley. — The  nodule  formation  is  perfect.  No 
crop  has  been  harvested  this  Heason.  Has  been  cut  four  times  to  kill  weeds. 
The  stand  at  this  date  (October  20,  1904)  is  good. 
MaMedaU.  3.  E.  Watson. — No  alfalb  has  ever  before  grown  for  me  except  in  a 
well-prepared  seed  bed.  I  have  a  good  stand  of  alfalfa  where  I  sowed  it;  have 
cut  it  twice  and  will  do  so  again  later  in  the  season.  Am  forced  to  believe  in 
its  value  [i.  e.,  of  the  inoculating  material]. 

Dklawabb,  Toiomend.  James  Flanagan. — h  heavy  storm  juat  aq  plants  came  up 
covered  many  of  them,  but  those  remaining  looked  nicely  and  have  bacteria 
nodules  on  the  roots. 

Idaho,  Freete.  I.  E.  Lobaugh,— Madefinegro«-th  for  first  year.  Good  stand.  Clipped 
three  times.    Left  on  ground. 

Illinois,  HUltboro.  Thomas  S.  E\-ana.— The  field  of  alfalfa  is  perfect;  whole  field 
deep  rich  green,  not  a  single  pale  or  yellow  pUn I.  If  it  does  not  winterkill 
it  will  be  the  first  successful  attempt  in  growing  this  legume  in  this  section, 
which  success  is  without  doubt  due  lo  your  inoculating  mal^irial. 
Mount  Carnul.  W.  F.  Chi pman.— Nodule  formation  on  almost  every  plant  exam- 
ined yesterday,  and  foliage  rich  dark  green.  Fine,  vigorous  stand.  I  find  more 
nodules  on  the  alfalfa  sown  about  a  month  ^^  than  on  that  sown  last  May. 
The  reason  perhai>s  is  the  difference  in  the  amount  of  ground  covered  with 
each  package,  the  first  being  about  9  acres,  while  the  last  was  spread  over  but 
lacre. 
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Moant  Morris.     D.  E.  Brubftker. — I  find  Dodal«s  quite  evenly  distributed  over 

the  entire  plot  of  1  acre.    Am  much  pleaaed  with  the  succeBS.     I  Mturatcd 

Heed  instead  of  soil.    Three  cheera  for  the  discovery. 

Mount  Morrit.     A.  W.  Brayton.— A  portion  of  the  field  ie  hke  the  Iftrifer  plant 

sent  yon;  apparently  the  inot-olation  did  good  work  here.     (Ree  Plate  VIII.) 

Indiana,  Aurora.  E.  L.  Cannon. — I  have  ^ot  a  fine  atand.  I  HOwe<l  300  pounds 
lime  per  acre  on  the  clay  land;  then  harrowed.  I  drilled  3  j)eekB  of  oats  per 
acre.  I  cut  40  bushels  oats  per  acre.  Then  we  had  a  severe  drought  The 
alfalfa  died  down,  but  as  soon  as  we  had  rain  it  came  up  from  the  roots.  It  is 
fine.  I  got  a  good  crop  of  oats  and  a  good  stand  of  ^falfa.  I  have  a  near 
neighbor  who  sowed  oats  with  his  alfalfa,  mowed  them,  and  left  thern  on  the 
groand  for  a  mulch.  He  has  not  nearly  as  good  a  stand  as  1  have,  lie  did 
not  inoculate. 
Butier.  L.  G.  Higley. ^Bacteria  for  alfalfa  was  received  in  good  condition  about 
May  I.  I  prepared  it  and  mixed  it  with  about  20  bushels  of  rich  soil  and 
sowed  it  on  the  Seld  after  plowing  it.  I  sowed  iriy  alfalfa  seed  May  1 1 ,  along 
with  2  bushels  of  smooth  barley  per  acre.  It  has  done  better  than  any  alfalfa 
that  I  ever  sowed.  It  stands  over  a  foot  high  nearly  ail  over  the  field.  There 
is  baldly  a  square  foot  of  land  in  the  field  that  is  not  well  set  with  plants.  I 
took  a  spade  to-day  and  went  in  the  field  to  see  if  I  could  find  any  traceof  the 
bacteria,  and  I  aoon  found  that  the  soil  was  full  of  it,  f;\ery  plant  having  lots 
of  the  nodules  on  the  roots.  I  then  went  to  a  field  of  2-year-old  alfalfa,  which 
never  was  treated  with  bacteria,  to  see  if  there  were  any  nodules  there,  and 
after  hunting  a  long  time  I  found  a  few  very  small  nodules,  but  hardly 
enough  to  be  really  worth  mentioning.  This  field  is  failing  and  I  will  have  to 
plow  it  up.  Alfalfa  will  grow  on  real  rich  soil  without  its  bacteria,  but  I 
believe  it  will  grow  better  with  it;  and  it  the  land  in  the  least  bit  poor  it  will 
stan-e  to  death  if  it  has  not  ita  bacteria. 

iNDi.tN  Territory,  Peoa*tet.  Don  Nolian. — We  had  tried  it  (alfalfa)  twice  before, 
this  being  the  third  trial.  Had  perfect  stand  and  have  cut  three  crops  and 
have  good  covering  for  winter.  There  Is  about  1  acre  in  lot,  and  I  have  taken 
about  3  tons  of  hay  from  it,  or  a  ton  at  each  cutting. 

Iowa,  Algona.  Judge  W.  B.  Quarton.. — I  took  one  gallon  of  nice  rain  water  and  fol- 
lowed the  directions  received  from  your  Department  with  the  culture  of  bac- 
teria, and  received  the  identical  results  that  your  Department  said  I  would. 
I  personally  inoculated  this  bushel  of  seed,  then  spread  it  out  to  dry,  took  it 
to  the  farm  the  next  morning,  and  planted  the  seed,  •  •  •  i  have  been 
upon  my  farm  many  times  between  the  middle  of  July  and  thiw  writing,  taking 
my  pocketknife  and  digging  down  to  the  roots  of  the  alfalfa  plant.  I  have 
never  bdled  to  find  plenty  of  thrifty  looking  tul)ercleaon  the  roots,  Ihey  rang- 
ing from  one  to  clusters  of  one  hundred,  and  I  am  satisfied  that  my  field  is 
thoroughly  and  completely  inoculated,  and  I  tMilieve  that  your  method  is  a 
complete  snccees.  *  *  *  i  f^e!  like  congratulsting  your  Department  upon 
the  very  thorough  and  practical  work  that  you  are  doing  in  the  line  of  plant 
industry  and  especially  as  to  leguminous  plants.  1  hope  that  you  will  continue 
it,  because  the  I^ume  is  the  one  plant,  above  all  others,  that  fertilizes  the  soil 
and  at  the  same  time  furaisbes  the  protein  necessary  to  balance  the  food  ration 
in  our  corn-growing  States  like  Iowa. 
Gantrm.  William  B.  Dobeon. — Good.  Reed  came  up  and  grew.  Had  tried 
same  field  in  alfalfa  the  year  before,  but  did  no  good.  Has  proved  inoculation 
a  success.  Many  have  tried  alfalfa  es  peri  men  tally  in  central  Iowa,  but  with 
indifferent  success. 
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1  y  IV  A — Conti  nued. 

Ifvrnid:.    George  0.  Shedd.— The  stand  is  icood.    I  thought  that  it  would  die  on 
the  thin,  poor,  yellow  places,  but  looks  tiow  as  though  it  may  not    Treated  1 
boshel,  sowed  4  acres, 
Kansas,  Arkanta*  City.     Ru(us  R,  Marsh.— The  seed  was  used  oa  eandy  knolls  in 
field,  and  made  better  showing  than  balance  of  field  without  inoculation. 

Ilalstead.  G.  R.  McWilliama. — The  inoculatedaeedhasagood  colored  plant;  the 
nninoculatcd  plants  were  yellow  and  did  not  make  any  hay.  I  would  not  try 
alfalfa  without  inoculating  the  seed. 

Hatitead.  A.  Murray. — The  alfalfa  inoculated  could  not  have  done  better.  I 
will  not  plant  any  after  this  without  inoculation.  I  think  inoculated  alfalfa  is 
as  good  at  1  year  old  as  uninoculated  is  at  3  years  old. 

Holion.  R.  J.  Linscott. — Harvejrted  three  crops  of  hay.  An  esceedingly  thick, 
even  stand.  Plenty  of  bacteria  on  roots.  A  success  in  every  way.  Hope  I 
can  treat  alfalfa  seed  this  way  every  time  1  sow^  it,  as  I  never  had  a  successful 
stand  before. 

Holion.  S.  K.  Linscott — All  that  could  be  desired.  At  seven  weeks  from  date 
of  planting  it  was  10  inches  high  in  some  places.  Every  root  so  far  examined 
has  from  one  to  six  nodules.     Many  thanks  for  your  kindness. 

Stoctton.  J.  J.  Coppersmith, — Proved  very  satisfactory.  Did  about  one-fifth 
better  than  that  not  treated,  but  other  chances  equal.  Amount,  3)  acres;  first 
letting,  3  touB;  second,  5  tons. 
Kbntltbv,  Berlin.  John  A.  Buser.— One  acre  was  planted;  onehalf  was  inoculate<), 
the  other  half  was  not.  Received  good  stand  in  all  parts.  On  examinaUon  of 
some  roots  the  treated  plants  had  root  nodules  and  the  untreated  were  barren. 

Emint^nce.  R.  R.  Geltner. — I  succeeded  in  getting  an  excellent  stand  of  alfalfa. 
Former  trials  proved  a  failure  where  not  inoculated.  Beheve  the  inoculation 
will  be  a  great  success. 

Mordand.  N.  J.  Cone. — Cut  alfalfa  fiist  year.  1  inoculat«d  1  bushel  of  alfalfa 
see<l  and  sowed  one-half  bushel  without  inoculating.  Got  very  fine  stand  of  that 
inoculated,  not  so  good  on  that  which  was  not. 
Maine,  Seal  IlaTbor.  Ida  M.  Bodman. — The  inoculated  seed  produced  a  good  though 
not  luxuriant  crop;  the  uninoculated  seed  (or,  rather,  piece  of  ground)  was 
more  buckwheat  weed  than  alfalfa.    My  soil  is  poor,  thin,  and  shallow. 

Wayne.  S.  H.  J.  Berry.— Last  year  I  tried  to  raise  alfalfa  but  was  unable  to  get 
a  stand,  but  this  year,  by  the  use  of  the  inoculation,  I  have  a  very  pretty  plot 
of  this  valuable  grass.  1  believe  it  to  be  what  my  land  requires. 
Maryland,  McDanid.  William  Bielefeldt ^Inclosed  please  find  yonr  card  filled 
out  as  to  general  results.  I  did  not  harvest  any  hay  off  the  field,  but  pastured 
it  lately.  I  am  sorry  that  I  am  not  able  to  give  you  any  definite  figures  on 
the  crop,  and  as  your  card  is  not  large  enough  to  express  my  appreciation  and 
enthusiasm  for  your  method  of  inoculation  you  will  please  excuse  this  letter, 
in  which  I  will  try  to  sum  up  my  observations  of  the  experiment  in  the  fol- 
lowing: I  inoculated  1,800  pounds  of  alfsilfa  seed  with  the  material  received. 
I  dried  the  seed  well  after  inoculating  and  sowed  it  from  May  1  to  August  15. 
The  lEUid  is  a  medium  heavy  line  clay  soil  and  originally,  I  think,  a  fairly  good 
soil,  but  has  been  entirely  farme<l  to  death  with  continuous  tobacco  raising, 
and  after  that  wouldn't  grow  any  more  they  followed  it  up  with  wheat  and 
corn  till  that  failed  to  grow  any  more;  then  the  fann  was  sold.  So  1  can  say 
the  soil  is  in  a  very  poor  condition  chemically  and  physically,  so  much  so  that 
on  2  acres  sown  with  eeeil  not  inoculated,  alfalfa  failed  to  make  a  stand  at  all. 
But  on  all  ground  in  the  same  condition  the  inoculated  seed  made  a  brilliant 
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stand  and  is  looking  a  real  deep  green  in  color,  when  nearly  everything  eipe  is 
dried  up,  aa  we  have  had  no  rain  for  six  or  seven  weeks.  In  all,  allow  me  fo 
say  that  In  my  opinion  your  Bureau  has  niaile  the  greatect  discovery  toward 
helping  the  growing  of  alfalfa  that  could  be  made,  and  that  you  may  well  be 
proud  of  it,  and  I  thank  you  for  giving  me  a  chance  to  use  it.  A  neighbor 
adjoining  me  sowed  uninoculat«il  seed  three  successive  tiuies  on  the  same  piece 
of  ground  and  failed  U>  get  a  stand;  that  is  positive  proof  of  the  inoculation 
being  a  benefit. 

Michigan,  Crolon.  E.  L.  Hombeck.— I  have  a  nice  stand  of  alfalfa.  1  think  I 
never  before  saw  young  plants  posh  forward  as  rapidly  on  the  start.  The  lan<I 
is  sandy  but  I  have  a  nice  young  meadow  as  the  results  of  my  applying  the 
bacteria.  It  was  a  complete  success. 
Kiffit.  A.  L.  Rockwell. — Mixed  bacteria  with  soil;  sowed  broadcast  aft«r  seed- 
ing; harrowed  lightly.  Seed  all  grew  and  made  a  good  stand.  Other  seed 
without  bacteria  failed. 

UisaouRi,  Alexandria.  Jasper  Blines. — The  material  la  a  success.  After  six  weeks  I 
found  Urge  bacteria  tubercles  upon  the  young  alfalfa  roots. 
Brewer,  h.  8.  Hogan. — Seed  sown  has  plenty  of  nodules  on  the  roots  and 
promises  a  good  crop  next  season.  The  same  piece  of  land  sowed  \o  alfalfa  in 
1902,  seed  not  inoculated,  all  died  out  the  following  summer. 
Levy.  Thomas  0.  Hudson. — Planted  in  1901.  Inoculation  good.  Alfalfa  was 
sickly  and  yellow  and  spindling,  and  did  not  do  any  good  till  this  year  after 
inoculation.  This  year  it  has  been  dark  green  and  thrifty,  and  I  think  it  will 
be  better  next  year. 

Nbbaasea,  Agee.     Sam  Nelson. — (.Sot  a  good  stand  and  it  has  made  good  afl«rsrowth 
where  twice  before  it  was  practically  a  failure.     Am  satisfied  inoculation  gave 
good  results. 
AOanton.    H.  E.  Henderson. — I gotagood  stand  wherelhadfailedtwice before. 

I  think  it  the  only  safe  and  sure  way  to  secure  a  stand. 
Liberty.     Harry  D.  Huyck. — I  sowed  seed  and  inocuiatcil  soil  on  a  2-acre  field  o( 
2-year-old  alfalfa  to  thicken  stand.     Produc>«l   10  loads  of  hay  as  against  & 
loads  in  1903.     All  young  plants  thriving,  old  plants  much  better  stand,  prob- 
ably due  to  severe  harrowing  and  inoculation. 
Omaha.     A.   L.   Cottrell. — Alfalfa   bacteria   successful    for   alfalfa   inoculation. 
Growth  larger.     Full  report  of  experiment  is  given  in  my  post-graduate  thesis 
on  "Alfalfa  as  a  forage  crop  lor  Iowa." 
Page.     L.  M.  Butler,— The  seed  inoculated  was  more  sotis/actory  in  stand  and 

growth  than  that  sown  without    Think  it  is  all  right. 
Vlica.    John  C.  Lloyd.— Ranker  growth  than  before  treatment  and  a  much 
heavier  crop  of  hay.     Cut  three  times  and  could  have  cut  four,  but  pastured 
the  last  crop.     7he  bacteria  were  use<l  on  5  acres  of  alfalfa  sown  three  years 
ago,  with  above  result. 

Nbw  Jebsby,  Rogenhayn.  A.  F.  Lewis. — This  year  I  have  a  fine  stand  on  the  same 
ground  that  I  failed  on  twire  without  inoculation. 
Vineland.  E.  L.  Bolles.— First  cutting  on  May  25,  1904,  of  2  to  3  tons  from  1 
acre  (needed  August  25,  1903),  nine  months  from  seeding.  Scores  of  trials 
without  inoculation  have  been  made  in  this  section  with  universal  failure. 
Alfalfa  wintered  well,  while  we  had  a  killing  winter  for  criinHon  clover. 

New  Mkxico,  Nogal.  E<1.  C.  Pflngsten. — Inoculation  applied  on  seed,  no  liacti'ria; 
soil  inoculated  shows  bacteria  on  all  roots  examined.  Soil  inoculated  plants 
from  20  to  30  inches  high,  others  6  inches.  ,  .  r 
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New  Yohk,  ^Umore.  C.  V,  Mills. — It  looks  very  promising  to  go  into  winter.  It 
had  ti  good  color  and  never  turned  yellow  during  itsgiowth.  I  can  find  plenty 
of  nodnlee.  I  tbinlc  the  bacteria  a  benefit  Tried  growing  it  two  seaaonB 
without,  and  it  made  a  sickly  growth. 

Amtterdam.  Barlow  W.  Dunlap. — Sowed  April  27,  after  treating  seed  and 
drying,  90  pounds  to  3i  acres  with  1  bosbel  of  barley  per  acre.  Have  cat 
twice,  and  now  have  a  very  thick  even  stand  of  al  Wfa  about  10  inches  high,  of 
a  very  dark-green  color.  I  have  recently  examined  the  plants  in  ail  parts  of 
the  field  and  find  nodales  on  nearly  every  root.  The  same  piece  was  eown 
with  untreated  alfalfa  seed  in  1902.  The  plants  started  well,  but  nearly  all 
died  before  fall.    I  conld  not  then  find  a  single  nodule  on  the  roots. 

Aptiaekin.  C.  L.  Yates.  —Sowed  last  year  on  piece  adjoining  and  had  no  luck. 
Flowed  the  ground  this  year  1st  of  May  and  have  got  a  good  stand.  ThEnk 
the  inoculation  was  a  good  thing. 

Bnardiff  Manor.  Walter  W.  Law,  man^^er,  BriarcliS  farms.— Good  stand.  I 
never  could  get  any  to  take  before. 

Cbruutofo.  W.  R.  Groat, — A  grand  success.  Garefuliy  carried  out  yourinstrac- 
tions  in  preparii^  the  culture  and  in  inoculating  the  seed;  rolled  it  in  and 
have  a  heavy  e^en  stand  6  inches  high  over  the  entire  Z\  acres.  Have  spent 
a  great  deal  of  time  in  getting  information  about  what  success  others  have 
had  in  these  parts,  and  all  complain  of  not  being  able  to  get  agood  stand,  and 
some  BOW  1  bushel  per  acre  and  then  do  not  get  it.  This  is  my  first  attempt, 
but  I  am  satisfied  that  my  success  is  due  to  the  inoculation,  but  one  in  prepar- 
ing must  carefully  carry  out  your  instmclions  to  insure  success. 

SUmfordviUe.  Albert  Knapp.— This  seed  was  sown  on  ground  where  I  tried  to 
get  alfalfa  the  year  before  and  failed,  the  plants  turning  yellow  when  about  six 
weeks  grown,  and  dying.  I  now  have  a  fine  stand  on  same  ground,  the  result, 
I  think,  of  inoculation. 

WaterpoH.  F.  C.  Broad  well. —Continuous  rains  prevented  seeding  in  spring  as 
expected.  Catch  remarkable  and  growth  fine  for  the  time  sown  (August  22). 
Benefit  of  inoculation  very  noticeable. 

mUard.  Frank  L.  Wame,  steward,  Willard  Stat«  Hospital. —Beneficial  and 
satisfactory.  A  portion  not  inoculated  does  not  show  the  sturdy  and  healthy 
growth  that  the  main  portion  of  the  field  does.  Two  crops  have  been  cut, 
August  10  and  September  30,  though  not  seeded  until  June  16. 

Youfigslown.  Elbert  L.  Baker. — Nodules  seem  abundant,  and  color  of  plants 
good  throughout  the  season. 
NoBTH  Carolina,  Wat  Raleigh.  C.  K.  McClelland. — Four  cuttings  have  been  made; 
second  and  third  cuttings  contained  much  alfalfa.  Examination  shows  plenty 
of  tubercles  on  the  roota,  so  inoculation  was  snccessful. 
Ohio,  Oincinnoli.  Jae.  F.  Holdt.— A  good  stand,  while  another  field  about  same 
quality  of  ground  not  inoculated  had  a  poor  stand  and  was  severely  affected 
by  the  drought.  Tried  seed  inoculation  and  ground  inoculation,  and  there 
seemed  to  be  no  difference  in  results. 

EaM  Springfield.  Jos.  D.  Flenniken. — On  examining  the  plants  July  8,  evcrj' 
plant  had  the  nodules  formed  on  the  roots.  I  think  it  a  success.  So  far  I  am 
pleased  with  result.  (Later,  November  2.) — I  have  a  good  stand  of  alfalfa 
and  it  is  at  present  about  10  inches  in  height.  My  neighbor  planted  some 
same  day  I  did,  with  the  same  attention  and  same  treatment,  eicept  he  did 
not  inoculate.  I  was  in  his  field  October  28,  and  his  plants  were  small,  puny, 
sickly  things  and  very  scarce.    What  he  had  I  don't  think  will  winter,  while 
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Oa  lo — Conlinaed . 

the  roota  had  do  nodules  that  I  could  find.  My  plants  have  roots  ae  large  as 
a  lead  penril  and  nodules  as  large  as  peas  on  them  and  aa  many  as  fifteen  - 
stools  on  one  crown. 

Leesbarg.  Arthur  Ladd. — Date  of  planting  May  12;  date  of  (tlipping  Auguet  1. 
The  inoculated  seed  was  S  inches  high  and  a  dark  green  color.  The  uninoou- 
lated  was  2  to  4  inches  high  and  yellow  in  color.  Uninoculated  seems  to  lie 
dying  out. 

Maila.  C.  A.  Clements. — Got  a  stand  of  thrifty  growth  and  of  dark-sreeii  color. 
Think  the  inocnlation  Buceessfol  as  there  are  nodules  on  the  roots.  NeighlwrH 
say  if  I  can  grow  alfalfa  on  that  land  it  can  be  grown  anywhere  in  the  country. 

MontptUer.  D.  W.  McGill. — Good  stand  where  none  stood  without  inoculation. 
Am  satisfied  inoculation  helped. 

Nob  AUxandrm.  A.  C.  Fellows. — Resultof  inoculation  is  good.  Al&ilfa  IB  ilark 
green,  while  atrip  not  used  on  is  turning  yellow, 

>S%aron.  J.  B.  KeyB. — Have  a  fine  prospect;  find  splendid  nodule  (ormatioQB  on 
the  roots. 

Yellow  Springs.     M.  R.  Grinuell. — Seed  came  up  very  quickly  and  has   made 

wonderful  growth;  roots  have  nodules  on  them  very  thick.     Bushel  of  seed 

sown  on  2  acres  with  1  bushel  of  oats  per  acre.    Harvested  4}  tonB  of  hay  at 

two  cuttings. 

Oklahoma,  Lambert.    T.  W.  Croxton. — Good,  a  perfect  stand,  and  of  healthy  color. 

On  upland  prairie.  ' 

Orboon,  AppUgcde.  C.H.Elmore. — Seed  all  grew  and  lived  through  a  dry  summer  on 
high,  dry  hill  land;  bide  fair  for  a  good  crop  next  year.  Without  treatment 
the  seed  did  not  germinate  at  all. 

Bedfidd.  Albert  Mark. — We  sowed  10  pounds  of  seed  on  about  three-fourths 
of  an  acre.  One-half  was  richly  manured,  which  did  not  do  very  well  as  it 
moetly  went  to  weeds.  The  other  half  made  a  good  stand,  grew  18  inches 
high,  and  came  up  very  thick,  all  without  water. 

Day  Creek.  C.  N.  Wood. — Will  say  I  followed  the  directionc  and  aucceeded 
well.  I  planted  alfalfa  seed  May  2,  1904,  on  fairly  good  clayey  loam.  Had  to 
cut  it  twice.  The  last  cutting  one-halt  ton  per  acre  on  August  25,  1904;  or  in 
four  months  from  date  of  planting.  I  sowed  red  clover  the  same  day  and  cut 
the  some  date  and  harvested  1  ton  per  acre  in  four  months  from  dale  of  plant- 
ing. This  result  is  with  irrigation.  My  neighbor  sowed  alfalfa  and  red  clover 
the  same  tdme  I  did,  also  with  irrigation,  cjually  as  good  eeed  and  equally  aa 
good  or  better  Mil,  and  his  crop  did  not  get  large  enough  to  clip  at  f  11  this  year 
yet,  and  it  looks  sickly,  while  mine  iu  thick  and  a  rich  green  in  color.  My  crop 
of  alfalfa  and  red  clover  is  at  least  60  per  cent  ahead  of  my  neighbor'^.  Mine 
was  inoculated  and  hie  was  not.  I  shall  use  mil  from  the  inoculated  field  to 
inoculate  other  fields  of  the  same  kind  of  crop, 
PiNNSvLVANi*,  Hoottlovm.  S.  M.  Ramsey, — A  succesB  at  the  present  time,  A  good 
stand  and  good  color.  The  same  ground  sowed  last  year  was  a  total  failure; 
came  up  sickly  and  yellow  and  dwindled  away. 

Bbeeniack.  E.  A.  Mackling. — The  stand  was  much  thicker  than  that  from  secil 
planted  on  the  same  ground  the  year  previous. 

Mvddyereek  SMa.  Vallie  Hawkins. — Sowed  3  acres  without  inoculation  last 
year.  Good  stand  but  few  nodulea.  Had  to  resow  this  year  (August  2),  and 
inoculaied  seed.  Boots  are  well  supplied  with  nodules  and  I  have  a  good 
stand,  8  to  12  inches  high,  on  October  18. 
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1'knnsvlvania — t'ontinucfi. 

TijTonf.  H.  C.  Blair.— Alfalfa  trim!  last  year  (1903)  diil  not  (trow.  Inofufate<l 
aee<l  pro<lii(?e(l  a  good  stand.  I^ast  meaciiivment  of  ashKk  phuwetl  plant  12 
inches  high,  root  4  inches.     We  consider  the  results  fine. 

SoiTH  Carolina,  niUiamiton,  A.  W.  Attaway. — Very  dry  time  on  it,  nevertheless  a 
very  good  stand.  Think  inoculation  very  profitahle.  Others  tried  without 
ino<'utation  and  tell  behind  me. 

Tk.i.nessbb,  Ctartxville.  Gold  Goodlett.— You  nent  me  a  packai^  last  year,  Init  the 
weather  turned  so  cold  that  I  did  not  sow  seed;  kept  all  until  Bpring,  treate<l 
seed,  and  secared  a  wonderful  stand;  think  every  seed  came  up.  I  mowed  it 
three  times. 
Columbia.  Horace  B.  Hanson. — It  has  tubercles  fomie<l  on  the  roots;  is  looking 
line  and  healthy.  Some  of  it  is  on  very  thin  lan<).  1  have  l>een  trying  thin 
plant  on  the  same  land  for  three  years  without  success.  ' 

Tkias,  fbrt  Worth.  W.  H.  Irwin.— Sowe<l  1,000  jiounda  of  seed  on  50  acres.  Obtwiied 
one-third  more  alfalfa  hay  where  inoculated;  three-fourths  ton  per  acre  first 
cutting,  1  ton  each  other  two  cuttings. 
San  Atitonio.  B.  G.  Barnes. — The  inoculated  appeais  to  be  more  vigorous  and 
healthy  than  that  without  inoculation,  although  the  latter  whs  planted  first 
and  originally  came  to  a  better  stand  by  reason  of  the  ground  beiog  in  good 
condition  at  the  time  of  planting,  white  the  inoculateii  was  not. 

Vbbmont,  Randolph.  John  W.  Burt — We  think  the  result  is  very  good.  If  we  had 
cut  as  a  crop  this  season  we  would  have  gotten  a  good  yield,  and  we  are  con- 
fident that  next  vear  will  show  satiafai^tory  results. 

VtmiiNiA,  Eaii  Zitake.  A.  K.  Leake. — It  is  IS  inches  high  and  could  not  be  mori' 
promising;  looks  splendidly.  You  will  see  by  the  samples  I  send  you  that  it  is 
full  of  nodules,  showing  in  an  astonishing  manner  the  bacteria-l>earing  nodules. 
There  are  nodnles  on  every  plant  I  dug  up.  When  I  dug  up  some  old  plants 
from  a  field  which  has  failed,  I  saw  no  nodules.  No  one  has  ever  succeeded 
with  alfalfa  here. 
EUrict.  W.  S.  Ivey,— On  la:id  sown  dry,  spleudid  resultj";  plants  8  inchwi  tall 
and  well  spread;  on  wet  land,  poor  results.  Bact«ria  nodules  plentiful  on 
most  of  plot  larger  than  grains  of  wheat. 
Gleiiallen.  Mrs.  Imogen  Holladay. — A  very  gooil  stand.  I  have  been  unable  to 
get  one  without  inoculation.  The  riK>ts  are  plentifully  sujiplied  with  notlules. 
Norfolk.  Dr.  IJvius  Lankford. — A  most  decided  difference  between  inoculated 
and  aninoculated  4  acres;  4  to  6  inches  high  (6  weeks  old),  deep  green  all 
over.  One  acre  not  inoculated  nine-tenths  dead,  rest  yellow. 
Occogu/in.  W.  W.  Giles. — I  sowed  the  inoculated  alfalfa  seed  May  24,  24  pounds 
to  the  acre,  with  a  wheat  drill,  sowing  slaked  lime  at  same  time  and  in  direct 
contact  with  the  seed.  It  came  up  splendidly,  and,  1  believe,  too  thit-k.  Thirty 
days  after  it  was  sowed  it  was  6  inches  high,  and  is  now  looking  elegant. 
Twelve  years  ago  I  sowed  2  acres  of  alfalfa  here  and  never  discovered  a  epear 
of  it  growing.  Of  couree,  this  was  before  the  inoculation  was  known.  (See 
Plate  IX.) 

WAsniNOToN,  SelToa.  Chas.  Richey.— Inoculation  very  beneficial.  Growth  had 
formerly  been  very  poor;  plants  turned  yellow  and  many  died,  making  it  hard 
to  get  a  good  stand.  Now  difficulty  is  overcome. 
Cheney.  Roswctl  K.  Johnson. — My  experiment  seems  to  be  successful.  We  have 
the  nodules  on  the  inoculated  plants,  but  none  on  those  not  ino^lated.  I 
think  there  is  an  improvement  in  the  growth  of  the  inoculated  planla. 
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North  Yakima,  W.  J,  Hess. — Fourth  year.  The  crop,  which  bod  been  short, 
pale,  and  spindling,  took  on  a  darker  color  after  imxiilation  and  made  a  rank 
growth.    Yielded,  1  think,  about  three  timen  aa  much  as  fonnerly;  did  not 

fipmgue.  Arthur  A.  Bal<)  win  .—Results  very  eatiefactory.  Yielded  about  I 
ton  per  acre  on  dry  hill  land.  Good  prospects  for  next  year.  Ha§  had  posi- 
tively no  rain  innce  last  of  May.     (Report  dated  October 9.) 

If'inonu.     W.  H.  .Muinford.— Inoculation  appeared  to  be  perfect,  all  plants  having 

good  color  from  the  first,  and  at  no  time  have  there  i)een  any  yellow  leaves. 

Werr  Virginia,  Berea.  John  P'.  Meredith. — Have  been  trying  to  grow  alfalfa 
twelve  years,  and  have  now  the  fineet  prospect  of  succeaa  that  I  have  yet 
experienced. 

WiHcoNsiN,  Fort  Atkintim.  "Hoard's  Dairj'man,"  November  11,  1904.— Anexperi- 
mentaHrial  of  this  method  of  inoculation  waa  made  by  Professor  Short,  one 
of  the  editors  of  this  paper,  last  summer  with  very  evident  Bucoess.  Our  lield 
already  shows  the  good  effect  of  inoculation.  (The  methixl  ccnsisteil  in 
going  over  an  alfalfa  field  which  was  not  thriving  with  a  sprinkling  cart  con- 
taining the  culture  liquid.  The  operation  was  comparatively  inexpensive,  as 
a  16-foot  pipe  drilled  full  of  holes  was  attached  to  the  rear  of  the  xprinkling 
<»rt,  tlie  water  thus  taking  a  sweep  of  nearly  a  rod  in  width. ) 
SUreiiB  PiAnt.  F.  G.  Pattee.^ Where  treated,  found  some  roots  with  clumps  of 
nodules  as  large  as  small  hickory  nuts;  where  not  treated,  only  an  occasional 

RE1>  CLOVER. 

Califobnia,  Areata.  William  W.  Turner.— A  part  of  the  ground  was  a  loose  sand, 
a  deposit  from  the  river.  It  was  a  hard  matter  to  get  anything  to  grow  on  it. 
Here  is  where  my  inoculated  clover  seed  seems  to  grow  and  flourish.  The  rent 
of  the  groond  was  a  sediment  loam  and  very  rich.  It  was  not  long  before  the 
pigweed  started,  and  it  came  so  thick  that  it  choked  out  the  clover,  eicept 
what  was  on  the  sand.     That  is  growing  nicely;  has  a  nice  dark-green  color. 

CosNBCTicuT,  Bethel.  George  II.  Pearson. — Clover  made  strong  growth  before  rye 
was  ripe.  Cut  one  ton  of  red  clover  the  middle  of  Septemtier,  after  rye  was  cut. 
Poor  sand  and  gravelly  knolls  did  nearly  as  well. 
Wokott,  Samuel  Wilson. — I  sowed  about  S  pounds  of  seed,  not  inoculatf^l,  all 
over  field  and  3  pounds  of  inoculated  seed  in  the  form  of  a  cross.  Ret^ult, 
crose  difltini't  with  clover;  balance  of  field  none.  In  company  with  Mr.  E.  R, 
Bennett,  of  Storrs  Agricultural  Collie,  I  went  over  fields  about  September  1 
and  found  stand  of  clover  apparently  increased  since  harvesting. 

Delaware,  Town*e)id.  J.  H.  Lamb. — Sown  on  gmund  where  clover  failed  iuspring 
of  1903.    Now  have  a  beautiful  stand  all  over  the  field. 

Idaho,  Qeur  d'  Alene.  Jamea  Reiii. — Considerable  improvement.  t)n  examination, 
found  few  nodules  on  clover  uninoculat«l  and  very  abundant  on  clover 
inoculated. 
Duponl.  J.  H.  Coon,  sr.— Seed  was  sown  on  a  plot  6  by  7  feet,  and  baa  made  a 
good  stand  about  10  inches  high.  I  sowed  a  similar  plot  with  same  seeit  not 
inoculated,  and  can  not  find  a  single  plant  on  it 

Illinois,  Anna.    3.  W.  Fuller.— Splendid.    Got  good  crop  where  1  had  failed  eight 
yetirs  in  succcesion. 
Emin^an.     C.  H.  Gilbert.— A  more  vigorous  growth  tliau  where  seeds  were  not 
treated.    Made  a  good  growth  where  I  could  not  raise  clover  in  former  trials. 
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Keirga.     0.  L.  \Vallai;i?.— Seed  treat«il  with  Itackria  was  eeede<l  on  extra  thin 

land  anil  xecured  very  good  Htand. 
Rantoul.  Karl  Ekblaw. — As  the  ulover  was  plowed  up,  no  accurate  estimate  of 
benefit  toujd  be  lalculated,  but  the  stand  of  clover  waa  at  least  26  per  cent 
better  upon  inoculated  ground. 
Wmdoii:  3,  H.  Benfer. — I'lteil  inoculating  material  and  the  clover  roots  tiave 
the  little  Doilulea  on  tbein  all  right.  Oth^r  tlelde,  not  inoculated,  have  no  Higns 
of  noilules, 

Indiana,  Colfax.  T.  C.  Holloway. — The  clover  waa  pastured  after  the  crop  of  wheat 
was  taken  off.  Can  pve  no  exact  figures.  It  was  sown  on  white-clay  laixl 
that  has  been  producing  very  poorly.  It  now  eecms  equally  as  good  as  that 
on  the  black  land. 

Iowa,  MatcaUne.  Charles  k.  Priis. — Clover  sowed  with  oats.  The  oats  showed  an 
increase  of  15  bushels  per  acre  over  oats  on  same  ground  where  no  treatment 
was  given.  An  examination  of  the  clover  roots  showed  75  per  cent  more 
nodule  formation  than  on  that  from  untreated  seed. 
Siidlrock.  John  McNamara. — Good.  The  land  was  worn  out  that  the  clover 
was  sown  on,  atiil  clover  would  not  grow  there  without  the  inoculating  mate- 
rial. I  have  tried  clover  on  the  same  ground  for  the  last  tour  years  and  it 
would  not  grow. 

Kansas,  Burlaigioii.  John  W.  Alexander. — Plots  1  and  2,  4acre8each,  yielded  threo- 
fourthe  to  1  ton  per  acre;  st'eded  April  15.  Plots  3  and  4,  1  acre  each,  not 
inocuIat(Hl,  but  seeded  at  same  rat«  and  at  same  time,  very  weak;  not  much 
growth,  no  hay  cut. 
Kansas  City.  John  Porty.— The  clover  on  5  acres  was  about  35  per  cent  better 
where  the  seed  was  inoculated  than  the  other  5  acres  where  the  seed  was  not 
inoculated. 
Wineheeter.  B.  G,  Jeffries. — As  clover  will  not  do  any  good  in  Oklahoma,  I  waa 
surprise<l  at  my  success,  and  think  it  jiwt  the  thing  for  Oklahoma. 

Kentucky,  IfopkinsvitU.  Ben  0.  Moore,— Cut  2  acres  of  clover  which  had  been 
inoculatol  and  2  which  had  not  been,  and  find  that  there  is  a  difference  of 
about  500  pounds  per  acre  in  favor  of  inoculated  seed. 
OltmUad.  John  T.  Young. — I  think  the  clover  will  live.  Good  stand  at  pres- 
ent (October  26),  although  we  have  had  the  most  severe  drought  since  July 
15  I  ever  saw.  All  other  clover  sowed  at  the  same  time  is  dead. 
Waraaui.  E.  A.  Rea. — Have  a  good  stand,  with  a  prospect  of  a  fine  crop  next 
spring.     Small  plot  in  middle  of  £elil  not  inoculated  all  died  out. 

Maine,  AtujwUi.  John  Jackman.. — The  very  best  resnila.  I  soaked  or  moistened 
seed  carefully,  as  per  directions,  and  reserved  amall  piece  of  ground  for  lest;  rest 
of  ground  was  sown  to  same  kind  of  seed,  but  catch  on  inoculated  patch  is 
noticeably  stronger.  It  seems  as  if  every  seed  came  up  and  grew. 
I'orUand.  W,  S.  McGeoch. — Increased  yield  about  20  per  cent. 
IVaytie.  S.  H.  J.  Berry. — Have  in  previous  years  hacl  very  unsatisfactory  reeults 
in  getting  a  catch  of  grass,  and  especially  clover.  I  tried  the  bacteria  for  this 
crop  and  am  well  pleased  with  the  results. 

Mabvlakd,  (iTaytoii.  Kev.  William  Brayshaw. — Report  on  clover  sown  September, 
1903,  at  Valley  Lee,  Md.  I  sowed  two  lots  of  seed  side  by  side,  one  inoculated, 
the  other  with  100  pounds  of  South  Carolina  rock.  Inoculated  made  double 
the  growth  and  bade  fair  to  give  three  times  the  quantity  of  hay,  (A  later 
report  states  that  the  clover  was  pastured,  and  no  figures  as  to  final  yield  could 
beipveu.) 
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M  A  Rv  L  AND — CoDtiDued . 

Smiih^mrg.  S.  H.  Buhrman.— Set  of  clover  isSO  percent  bettor  at  this  date  than 
it  was  one  year  ago  at  Bame  date.  Never  had  a  finer  set  of  clover.  Certainly 
moat  ^ve  the  inoculation  the  credit  for  fine  stand. 
MASSACHUBinra,  Boilon.  laiael  Lefavour.— Folly  double  over  that  where  no  inocu- 
lating material  waa  used.  The  increase  would  have  been  much  larger  pro- 
portionately on  poorer  land,  I  think.  I  shall  try  on  land  next  year  that  haa 
not  been  fertilized  in  twenty  yeats. 

Concord.  Wilfred  Wheeler.  —The  plants  were  large  and  very  heavy,  some  grow- 
ing 3}  feet  high.  I  am  satisfied  the  reeult  was  dae  to  inoculation.  (Seeded 
April  20,  report  August  1;  only  three  months'  growth.) 

PiW^eld.  W.  R.  Stevens.— Used  8  qnarta  of  seed  to  the  acre  with  timothy  and 
redtop  and  have  never  seen  a  finer  growth  of  clover.  To  test  the  inocu- 
lated clover  seed  on  poor  soil  (or  no  soil)  on  a  side-hill  pasture  where  to  my 
knowledge  it  has  not  been  plowed  for  over  60  years — the  soil  all  washed  off  and 
no  vegetation  growing  which  stock  would  eat — I  spaded  a  email  piece,  sowed 
clover,  laid  on  brush  to  protect  it  from  cattle,  and  the  reeult  waa  a  thick, 
rank  growth  of  clover  not  only  where  the  ground  was  spaded  but  several  feet 
below  where  heavy  rains  washed  the  seed  down,  thus  proving  the  value  and 
benefit  of  the  microbe  inoculation  beyond  the  chance  of  my  doubting, 
HiCHiOAN,  FennviUe.  Chaa.  E.  Bassett. — Inoculated  part  of  Seld  gave  12  per  cent 
more  yield,  and  nodules  on  roots  were  as  large  as  small  peas,  while  on  that 
not  inoculated  the  nodules  were  extremely  small. 

Manum.  Will  8.  Felton. — The  cbver  on  the  hills  and  light  spots  is  fnlly  aa  good 
as  that  on  the  heavier  soil,  and  the  stand  is  much  more  even  and  vigorous  than 
untreated  seed  on  similar  soil. 

Napoleon.  E.  L.  Griffin. — A  glowing  succesa  till  abont  June  30,  when  the  crop 
was  killed  by  excessive  drought  One-half  acre  in  protected  place  a  splendid 
BQCceea.  On  the  half  acre  great  numbers  of  nodules  are  present,  and  rank 
growth  of  clover. 

Royal  Oak.  H.  C.  Wilson. — This  season  lias  been  very  unfavorable  for  clover 
in  this  locality.  Will  aay  that  no  one  near  here  has  a  calch  of  clover  that  I 
know  of  except  myself.  Have  a  good  catch  of  clover  on  three-fourtha  of  my 
field  of  7  actee.  Believe  it  was  because  I  used  clover  culture. 
HiHKESOTA,  Campbell.  N.  W.  Ware. ^Bacteria  nodules  show  in  abundance  and 
plants  very  thrifty.  Sown  on  15  acres  of  northwest  Minnesota  Red  River 
prairie  soil  with  beet  results.  Former  owner  tried  in  vain  for  years  to  get  a 
stand  of  clover. 

Montevideo.  John  C.  Lucas. — Have  an  extra  good  stand,  and  the  finest  roots 
fall  of  nodules  of  very  large  size.  This  clover  was  grown  on  land  that  never 
had  clover  on  it  before- 
HisBODBj,  Cahool.  C.  li.  Morris. — Sowed  two  plots.  Plot  1  was  inoculated  and  has 
made  a  fine  growth.  Plot  2,  not  inoculated,  has  nearly  all  died  out  Plot  1  a 
success;  plot  2  a  failure. 

ChapeL  Verona  Jones. — I  inoculated  the  soil  and  I  harvested  two  crops  oB  the 
gronnd  that  was  treated.  The  last  crop  w^  well  filled  with  seed.  I  believe 
inoculation  to  be  a  great  help  here,  aa  far  as  I  have  tried  it. 

S.  Loaii.  G.  S.  Myers. — One-third  better  in  growth  and  appearance  than  the 
uninocalated. 

Sedalia.  Jay  H.  Decker. — Where  seed  was  treated  the  stand  was  nearly  twice 
as  heavy.    The  ground  was  sown  with  same  seeder,  adjusted  the  Bame. 
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Nbbrahea,  Elgin.     Marcos  Brown. — Inoculation  Bucceeafal,  nodules  appearing  quite 

plentiful,  though  aneven.     Crop  appears  beet  I  ever  saw  in  Nehraska. 
North  Carolina,  Lofiin.     Benj.  G.  KbI^s. — I  have  a  fine  catch  of  clover  where  I  have 

not  been  able  toicet  clover  at  all.     In  fact,  the  farmers  eay  clover  will  not  grow 

here  at  all. 
l^kylatuL    A.  B.  Cat«. — Find  at  least  a  gain  of  one-third  more  nodule  formation 

over  the  eeetl  not  treated.     A  success  according  to  my  investigation. 
New  York,  Adamx  Siuin.     C.  O.  Barclay.— I  never  had  as  gootl  success  with  clover 

seed  before.     It  looks  as  if  every  Heed  germinated.    I  have  failed  for  the  past 

three  years. 
Albion.    Oliver  A.  Paine.^ — We  had  good  succeMi  with  ourclover.    One-half  larger 

where  we  used  inoculating  material. 
Butterfly.    J,  K.  Baker. — I  have  a  good  stand  of  clover  on  ground  that  I  did  not 

expect  could  grow  it  successfully.    It  came  up  the  soonest  and  raokeet  in  the 

spring  of  any  I  ever  grew. 
Ghent.    George  T.  Powell. — Sown  in  orchard  (or  cover  crop.    On  October  15  the 

inoculate<l  seed  stood  4  inches  higher  than  adjoining  untreate<l,  while  nodule 

development  was  greater.     The  gain  Is  more  marked  on  this  poor  land  than 

Jlolland  Patent.  H.  W.  Dnnlap.—My  tenant  reports  the  best  stand  be  has  bad 
during  bis  occupancy  of  the  farm,  and  that  uiion  a  hillside  where  until  then 
he  had  never  been  able  to  make  red  clover  grow.  Plants  1  examined  in 
August  showed  nodules  in  every  case.  Having  moreot  the  culture  liquid  than 
could  be  nsed  upon  the  seed,  I  distributed  this  on  some  light  loam,  whi<'h, 
after  stirring  and  drying,  was  broadcasted  upon  a  small  jiart  of  a  fleld  already 
in  clover.  My  tenant  reports  that  the  color  and  size  of  the  clover  indicated 
the  distribution  of  the  soil  perfectly. 

PraiUbarg.  B.  I.  Graves. — The  clover  where  clover  inoculation  was  used  was 
far  better  than  wher«  sowed  without  A  perfect  success.  The  inoculated 
ground  the  poorest;  sowed  as  other  seed. 
Ohio,  Cincinnati.  C.  M.  Anthony. — We  inoculated  our  seed,  and  our  clover  bae 
made  most  excellent  growth  on  very  poor  sandy  soil  in  the  fruit  district  of 
Michigan. 

.Seaman.  Ira  C.  Howard. — A  fine  set  on  clay  upland.  I  sprinkled  the  water 
that  was  left  after  soaking  the  seed  over  the  ground  in  spots;  every  spot  is 
plainly  visible. 

Sidney.  Mies  Ida  K.  Wilson, — Perceptible  nodules,  though  not  much  larger 
than  pin  points,  but  both  root  and  top  development  mucti  greater  than  that 
produced  from  noninooulated,  and  the  latter  produce<l  no  nodules.    Soil  a 

Orboon,  Corco/iu.  C.  A.  Bareinger. — Inoculation  apparently  good.  Plants  vigorous. 
Beat  stand  lever  bad-~more  favorable  seasons  not  excepted.  Attributemnienf 
growth  to  land  plaster.  I  believe  the  inoculation  a  success. 
CrexttvU.  R.  D.  Hawley. — Made  a  fine  growth,  12  inches  high,  and  thick. 
Another  piece  sowed  at  the  same  lime  on  an  adjoining  field  died  out.  Nearly 
all  the  inoculated  is  ail  right  aail  a  succesx. 

pRNNBYLVANiA,  Arthun.     J.  E.  Breniman.— The  growing  clover  is  thrifty  and  well 
rooted.    It  will  do  well  on  poor  Pennsylvania  soil. 
Center  Hall.    John  F.  Alexander. — The  result  of  inoculation  has  been  very  satis- 
factory, having  fully  twice  the  growth  as  compared  to  seed  sown  sooner  with- 
out inoculation.    I  am  favorably  impresBed  with  this  system  of  f^tilising. 
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I A — Continued. 

Freeporl.  Geoiye  T.  Ralston.— Have  secured  a  good  sbuid  of  clover  on  an  old 
wom-ont  field  that  I  had  failed  to  get  clover  on  three  times  in  sncceoaon. 
R^jard  the  treatment  aa  a  mu.'ceae. 
Sovlhport.  F.  L.  Bray.— Clover  looke  fine  in  lot  where  inoculation  was  used; 
scarcely  any  in  lot  where  no  inoculation  waa  used.  Both  lots  with  same  soil, 
game  methods  of  cultivaUon,  same  nnrse  crops,  and  same  time  of  sowing. 

Tenmesseg,  Gruelli.  Ig.  Schlageter. — Inoculation  satisfactory,  twice  as  much  as  on 
the  side  not  inoculated.  Did  not  iiarvest  it  this  the  firet  year,  but  it  was  twice 
as  large  as  the  uninocalated. 

Vbbmont,  Berlin,  William  McCarthy. — Appears  to  be  good;  clover  is  better  where 
inocnlaled  than  any  other  place  in  the  field. 

Virginia,  Flatridge.    J.  W.  Perkins. — The  clover  is  two  or  three  times  larger  than 
portion  of  field  not  treated.    Can  tell  where  inoculated  as  far  as  you  can  see 
the  field. 
Meadowiof  Dan.    Ira  J.  McGrady. — Inoculation  good;  the  motx  of  plants  are 
covered  with  nitrogen  traps.    Some  plants  contain  ea  many  an  100  nodulen  to 
the  plant.    1  have  a  good  stand  on  land  that  had  been  cropped  twenty  years 
and  never  sown  to  grass. 
Sandidget.     W.  8.  Gill.— Seed  inoculated  produced  clover  18  to  20  inches  high  at 
this  time  and  blooming.    That  not  inoculated  6  to  8  inches  high  and  sickly 
looking;  not  blooming.    I  have  all  confidence  in  the  bug  and  believe  it  will 
restore  clover  to  us  again. 
Wolftrap.    E.  W.  Armistead.- Put  the  bacteria  on  2  acres  and  then  sowed  the 
seed.    I  got  the  finest  stand  I  ever  saw  and  a  foot  high  by  July  1.     (Sowed  in 
March.) 

Washinotoh,  Boihell.  Harry  G.  Brower.— Mixed  the  material  according  to  direc- 
tions and  thoroughly  wet  10  pounds  of  red  clover  seed  three  times  and  driol  each 
time.  What  liquid  I  had  left  I  mixed  with  25  poimds  of  dry  dirt  and  sowed 
this  on  1  acre;  harrowed  three  times.  Season  was  very  dry,  but  the  seed  lived 
through  and  the  ground  has  a  good  stand.  In  fact,  1  am  the  only  one  who 
has  a  good  stand.  People  told  me  the  soil  was  too  poor  for  anything. 
Marctis.  I.  T.  Peterson. — More  than  doubled  the  yield  of  the  clover.  Seed  was 
all  sown  on  a  uniform  soil,  and  at  the  same  time,  aide  by  side,  inoculated  and 
not  inoculated. 

Wbst  Viboisia,  Elbiru.  John  B.  White.— Inoculation  good.  Moistened  6  gallcne 
of  clover  seed  with  the  inoculating  material,  sowed  with  oats  on  5  acrtv. 
Nodule  formation  on  clover  roots  very  good.  Very  good  stand  of  clover  on 
ground.     Have  sowed  clover  on  same  ground  previously  with  poor  results. 

Wisconsin,  Iron  Rixer.  Joseph  Yerden.- 1  had  sowed  clover  on  same  land  two 
years  in  succession  and  could  not  get  a  catch.  I  used  the  inoculating  bacteria 
that  you  sent  me  and  have  a  fine  stand  oi  clover, 

SovA  Scotia,  Halifax.  Arthur  P.  Silver. — The  clover  has  grown  remarkably  strong. 
The  roots  are  full  of  little  white  noduiw,  which  appear  to  be  absent  in  roots 
dug  up  in  other  parts  of  farm.    Soil  was  a  run-out  pasture. 
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COWPEAS. 


Alabama,  fhtUdaie.  George  W.  Dibble. — For  two  years  previoiiH  to  this  year  I  had 
flown  this  land  to  cowpeaa.  The  stand  each  year  stood  about  12  inches  high. 
I  was  not  able  to  find  any  nodules  on  the  roots.  This  year  with  the  inoculated 
seed  on  the  same  ground  the  peas  were  abont  3  feet  high,  and  the  roola  were 
covered  with  nodnles  from  the  size  of  a  pin  head  to  that  of  a.  pea.  I  am  well 
pleased  with  the  result. 

Mfaoadine.  C.  H.  Koentz. — Healthier  growth  of  vines  and  increase  of  seed  pods 
of  from  15  to  25  per  cent.  The  effect  of  inoculatjon  was  plainly  visible  on  poor 
soil,  but  on  more  fertile  soil  the  difference  was  very  slight. 

PintappU.  F.  I.  Walthall. — Increased  crop  one-third,  notwithatanding  pro- 
tracted  drought  and  lack  of  proper  cultivation. 

StoctdaU.    3.  L.  Stockdale. —Increase  of  yield  abont  200  per  cent    A  very  good 
crop  of  pea-vine  hay. 
Florida,  Avonfark.    John  Lancashire. — Result  of  inoculation  good.    Ground  thickly 
covered  with  running  vines  from  10  to  12  feet  long.     Did  not  harvest;  want  to 
improve  soil.    Could  not  get  any  crop  for  two  years  previous. 

Ik  Land.  A.  Ccener. — Inoculation  good.  Cut  for  hay;  produced  double  the 
amount  of  those  not  inoculated. 

Hanmm.  0,  C.  GramUng. — Peas  came  up;  two-thirds  stand  made  moderate  vine 
and  leaf  and  fruited  (airly  well.  Droi^^ht  cut  the  crop  one-half,  though  I  gath- 
ered at  the  rate  of  5  bushels  per  acre  on  land  that  would  not  yield  one  bushel 
per  acre  last  year. 

Jackmnville.  Millard  F.  Webster. — A  strong  hush  and  heavy  yield  of  peas  on 
part  of  field  inoculated;  not  enough  peas  to  pay  to  harvest  on  part  of  field  not 
treated.     Have  planted  peas  on  same  land  twice  before;  each  time  a  very  small 

Penxacola.  Geo.  W.  Howes. — Beenit  of  inoculation  good.  I  planted  as  a  ferti- 
lizer on  poor  sandy  black-jack  land  and  got  a  third  better  results  without 
manure,  but  inoculated,  than  on  the  some  land  with  cotton-eeed  meal  as  a  fer- 

Wea  Pahnbtach.  G.  W.  Idner.— On  part  of  land  more  than  100  per  cent  differ- 
ence; on  other  dry  land,  50  per  cent.  There  is  no  donbt  but  it  will  pay  all 
planters  to  use  the  culture. 
Gboboia,  Athent.  H.  B.  Mitchell.— Increase  of  seed  fourfold.  Vinea  were  small, 
owing  to  severe  drougb  t  extending  from  middle  of  August  to  November  2.  It 
paid  well.     Will  want  more  neit  spring. 

Bbi^lon.  P.  H.  Thompson. — Inoculation  of  peas  with  bacteria  sent  to  me,  and 
others  at  my  request,  was  quite  satisfactory.  Yield  nearly  double  that  of  cow- 
peas  planted  under  some  conditions  without  inoculation. 

Coknnbut.  C.  B.  Gibson. — A  fair  crop  without  fertilizer  on  land  that  did  not 
grow  weeds  10  inches  high.     Peas  not  inoculated  did  nothing. 

QmngUm.  John  A.  Porter. — The  peas  were  planted  in  drills  and  on  sandy  land, 
and  until  the  drought  they  showed  a  marked  improvement  over  adjoining 
land  with  150  pounds  acid  to  the  acre.  The  severe  drought  in  this  section 
has  made  any  other  comparison  impossible.' 

M<U!on.  A.  F.  Jones. — Mixed  the  culture  with  dirt  and  put  in  the  fnrrow  with 
the  seed.  The  land  was  very  poor  and  we  did  not  use  any  other  fertJIiEer. 
The  yield  was  three  or  four  times  as  large  where  the  bacteria  were  used. 
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G  KOROi  A  — Conti  aue<l . 

Home.  Hamilton  YanL-ey. — The  |!ri)Wlli  Iism  Im^u  rank,  of  rich  dark  uolor  over 
the  entire  flelil  that  was  seeded.  A  difference  in  tavor  of  the  inixiulBted  pea 
was  quite  iiotieeable.  My  neighbora  and  friendu  who  have  seen  the  field 
iiwist  that  the  field  ia  seeded  with  a  different  kind  of  pea.  I  wish  to  express 
to  you  my  saUsfat^tion  and  gratification  with  the  experinienL  I  believe  the 
wortc  you  are  <loing  is  of  inetttinuible  value  to  the  fannera  of  our  country  in 
the  future  rwiemption  and  inipnivenient  of  our  lands. 
Stihon.     L.  P.  Oarrick. — Pliinted  on  rich  land,  no  good  was  perceptible;  j>lant«il 

on  rather  poor,  sandy  land,  the  renult  waw  yiel<1  trebled. 
Stime  Mountain.     Arthur  B,  Kellogg. — It  is  with  pleasure  that  I  can  report  a 
marvelouH  growth  of  the  cowpeaa  which  I  inoculated  with  your  bacteria  last 
spring.     The  compBri>ion  1>etween  the  inoculated  and  uninoculatcd  pew  is 
most  prononnced,  I  should  say  a  difference  of  50  per  cent. 

Illinois,  Mofinl  Venwn.  £.  M.  Dana.— Sowed  in  orchard.  Each  alternate  space 
inoculated  shows  a  great  difierence  in  rankness  of  growth  over  uninoculated, 
especially  on  yellow  soil  badly  worn. 

Indiana,  Milan,    James  Tribbey. — Cut  forhay.    Estimateddifferencebetweeninocu- 
lated  and  uninoculated  300  per  cent  in  amount  of  vines,  hay,  etc.,  in  favor  of 
inoculated.     No  difference  in  amount  of  peaa. 
WUhaghbij.     Louis  A.  Russell. — A  great  ileal  more  vigorous  growth  and  healthier 
vines,  with  heavier  and  better  stand. 

Kansas,  H'alnvi.  H.  C.  Coesten. — Inoculation  was  perfect  and  satisfactory.  Would 
prefer  this  method  of  inoculation  to  the  sowing  of  soil  from  field  to  field;  by 
the  latter  a  person  is  liable  to  transfer  plant  disease.  I  transplanted  the  leaf 
blight  to  my  field  a  few  yeara  ago  by  doing  so. 

KevrucEy,  Logantport.    R.  M.  Humphreys. — Two  plots  same  size,  same  amount  of 
seed  sown,  with  some  conditions  all  round,  and  the  inoculated  plot  had  fine 
nodules,  while  the  other,  that  was  not  inoculated,  had  but  few. 
Nti£ton.     C.  H.  Hatchett. — I  had  a  fine  yield  of  pods  upon  ground  that  had  not 

grown  good  crops  for  many  years,  and  yield  of  vine*  waa  also  good. 
W^nchater.     Dr.  M.  S.  Browne.— Estimated  weight  of  hay  increased  threefold 
or  more;  peas  fully  as  much  increased. 

Louisiana,  Cada.  C.  E.  Smedes. — Increased  the  nodules  75  per  cent  more  than 
peas  planted  next  to  them,  and  vines  were  more  luxuriant. 
Lafa'jeUe.  Ray  Fiero. — In  1903  I  sowed  peas  on  a  side  hill  and  the  peas  did  not 
grow  over  8  inches  high,  with  very  small  nodules.  This  year  the  inoculated 
peas  sown  under  saine  conditions  made  a  growth  at  least  four  times  as  great. 
St.  Martinville.  George  Lind. — Cowpeas  grew  well,  forming  nodules  in  plenty. 
T  consider  the  inoculation  a  success. 

M  ABVLAND,  Ouiptico.  William  H.  Gardiner. — The  2  acres  inoculated  grew  twice  as 
lai)^,  as  peas  were  more  prolific  tban  uninoculated  part.  In  foct,  the  2  acres 
were  the  only  part  harvested.    The  rest  of  the  field  was  insignificant. 

Missouri,  StarionvUk.  U.  L.  Coleman. — Where  inoculation  was  used  the  [>eas  ilid  a 
great  deal  better  and  produced  fully  one-third  more.  I  found  few  nodules 
where  the  inoculation  was  not  w«d,  but  where  inoculation  was  u«eil  the  roots 
were  literally  hanging  full  of  nodules,  some  as  large  as  peas.  I  showed  sani- 
ple6  to  several  of  our  fanners,  and  tbey  all  stated  they  bad  never  before  seen  as 
many  nodules  on  one  vine. 
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M  iKKOf  Ki— Continue). 

J'riiiaion.    Philip  C.  McDonald,  jr. — l*n>duced  aliout  as  much  a^iaiu  liay  with 
the  inoculaliHl  cowp«)w  as  with  thow  not  inoculated.    A  very  kriBj  lii'vetoii- 
iiient  <if  DixhileH  on  the  roots. 
New  Jbrsby,  ifetru'hm,     Frank  M.    Moore. — Inoculated  peaa  grew  rapidly;  tari^ 
leaves  and  heavy.     Uninoeulated  nheck  rows  were  <ieci<ledly  jvoorer  in  growth 
and  texture. 
Mbw  York,  SlanfordviUe.     Albert  Knapp. — Thix  t<««d  was  sown  in  driiU  on  worn-out 
land  that  lias  been  produdnt;  very  little  for  a  Dumber  of  years.     I  had  a  very 
fine  growth  of  vines,  with  plenty  of  nodules  on  roots. 
North  Cabolisa,  Aehemile.     Fred  Kent. — Inoculation  very  good.     Am  only  a  book 
farmer;  can  not  give  exact  figurea.     Farmers  in  the  neighborhood  wish  to 
know  iiow  Buch  peas  were  grown,  as  theirs  were  failures. 
Jjowndale.     F.  Y.  Hicke. — Rank  growth  2}  feet  high  on  land  that  did  not  make 
peas  before.     Well  pleased  with  the  result. 
OKLAnoMA,  Crenxni.    C.  B.  Fail.— The  inoeiiiation  was  perfect.    The  li^pof  peas 
and  hay  wae  about  double  that  that  was  not  treate<l.     Am  well  pleased  with 
results  obtained. 
(JreM-att.     A.  W.  Sanderson. — Seed  was  planted  on  level  and  given  only  one  cul- 
tivation.    Kesult  was  an  enormous  growth  of  vines  an<l  about  50  per  rent 
increase  in  grain  over  same  crop  and  cultivation  last  year.    Think  the  nodule 
formation  will  greatly  help  soil. 
McClotid.    Jesse  Heam. — Rapid  growth;  ijuick  development;  20  per  cent  increasi^ 
in  yield.     Roots  full  of  noduli'ij.     Land  in  fine  shape  for  next  crop. 
.  Pknhbvlvania,  HarUlovm.     J.  T.  Campl>ell. — Where  soil  was  inoculated  the  result 
was  marvelous,  four  times  as  great  as  where  there  was  no  inoculation.    Noil- 
ules  one-half  inch  in  diameter, 

3  was  just  double  over  the  plot 

Wilkin»tntrg.  R,  G.  Atkinson. — h>eason  very  unfavorable,  yet  the  inoculated  seed 
came  to  nearly  a  perfect  sland,  more  robust  and  qaicker  growth.  The  differ- 
ence was  quite  marked.  The  method  i»  evidently  a  success. 
South  Caholina,  Aiken.  Minn  Louise  P.  Ford. — ()n  1  acre  we  planted  cowpeas 
broadcast.  On  one  half  nf  this  acre  we  planted  one-half  hnshel  of  inoculati^l 
rowpeas,  on  the  other  half  acre  we  planted  one-half  hushel  of  uninoculated 
(mwi>eBs,  i>lowing  them  both  in  just  the  same  way.  About  the  middle  of  June. 
when  harvested,  we  gathered  1,375  pounds  of  hay  from  the  inoculated  half 
acre;  from  the  uninoculated  half  acre  we  gathered  750  pounds.  The  land  i!> 
known  as  poor  sandy  soil,  and  we  did  not  enrich.  This  is  the  result  of 
Miws  IVIlewV  and  my  experiment  on  Twin  Flower  farm.  (A  fuller  account 
of  the  above  experiment  appeared  in  the  Aiken  (S.  C.)  Recorder  of  Octobers, 
1904.) 
Aiken,  (i.  I..  Toole. — The  land  selected  (or  planting  was  very  poor  sandy  land. 
The  crop  has  not  been  harvested  yet  (Octot«r  10).  Peas  planteci  on  the  same 
land  laj-t  year  failed  to  make  any  peas  at  all.  The  peas  this  year,  after  lieinp; 
treats!  with  bacteria,  are  very  fine.  They  grew  oS  like  they  had  lieen  highly 
manure"!,  but  were  not-  The  yield  will  be  increased  fully  75  per  cent.  The 
vines  are  full  of  ripe  peas.    They  bore  well  in  s|>ite  of  the  long  drought. 
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SuDTH  C'akolina — Continued. 

Albion.     J.  E.  St«venBi)n. — Yield  of  peas  increased  alxiut  100  per  <-ent.     Jiuiiilier 

of  tubercles  on  roots  considerably  increased. 
Oilumbia.     Ralph  Osbom. — Sown  broadcast  for  hay.     Cut  an<i  hauled  in  8  lima 

o£  cured  hay  off  the  4  acres.     The  tiiltercles  were  |)lentii»l  and   larpe,  very 

eatiefactory.     That  sown  May  ',!0  made  an  ki'ixI   hay  an  quick  as  that  tniwn 

earlier.     Everyone  who  saw  it  said  it  was  the  bent  piece  of  cowpeas  they  hail 

eeen  about  here. 
OrimgtbuTg.     F,  M.  Bast. — I  trie<l  the  inoculated  by  siiie  of  Btable  compost  and 

will  say  that  it  was  just  as  good  as  those  fertilized  with  compost.     I  am  well 

pleased  with  results. 
Saiutyran.     Charles  (J.  Sonntag. — Increase  30  per  cent,  uoduk«  prominent,  vine 

growth  tioubled.     Planted  on  sandy  loam  and  clay  subsoil,  6  acres;   2  ai^res 

not  inoculated,  no  signs  of  nodules  on  them. 
Winroii.     W.  T.  Feemster. — -I  harvestel  twice  the  amount  of  peas  that  1  had  ever 

harvested  on  the  same  land.     I  should  like  to  try  more  of  it  next  year. 
Tniy.     H.  B.  Blakely. — Inoculated  vines  weighed  three  times  as  much  as  those 

treate<i  tbe  same  way  on  same  soil  not  inoculated.     Results  interested  many 

lit  our  peo|)le. 
Te.vnswee,  (Iraiidriew.     M.  L.  Abbott.— Owing  to  circumstances  crop  was  not  saved 

for  fodiU-r,  but  those  who  were  familiar  with  ground  estimated  it  double,  both 

peas  anil   fodder,  that  on  satne  ground  in  former  yeais.     Roots  loaded  with 

nitrogenotis  matter  as  never  l)efore. 
RipUii.     M.  M.  Lindsay. — Five  times  as  much  vine  and  leaves  and  two  times 

as  much  peas  as  pknte<l  on  same   land  without  inoculation.     There  can  be 

absolutely  no  doubt  that  above  results  are  due  to  inoculating  see<l. 
Tu-tAS,  Bryan.    J.  Webb  Howell.— Increased  yield  fully  33i  per  cent.     I  believe 

inoculation  is  a  good  thing. 
Morales.     T.  J.  Nolen. — A  probable  increase  of  10  per  cent  over  noninoculatetl 

seed.     Owing  to  harvesting  with  swine,  I  can  not  be  exact  about  results. 
VituiiNiA,  Aehlatid.    J.  P.  Wightnian. — Secil  inoculated  very  fine;  balance  of  growth 

small.    Nodules  very  lai^  and  in  great  numbers.    Season  very  unfavorable 

Cfdim.  liobt.  B.  Taylor. — I  planted  the  peas  in  rows  3  feet  apart,  cultival<il 
them  twice,  and  I  found  very  deiiided  benelit.  I  left  out  two  long  rows  with- 
out inoculation,  and  the  results  could  be  plainly  seen  all  througli  the  season 
and  also  at  harvest;  a  revolution  and  a  revelation. 

DaitvUU.  T.  L.  Smith. ^ — The  ptea  vines  were  the  finest  I  ever  saw.  I  measured 
some  vines  12  to  \h  feet  long.  I  made  three  times  as  much  hay  to  the  same 
quantity  of  seed  as  1  ever  made.     I  am  pleased. 

Ionia.  B.  Dewsbury.— Had  peas  on  same  ground  aw  last  year;  were  more  than 
twicess  goo<l  and  no  help  given.  Last  year  had  no  nixlulee,  this  year  had. 
Something  increased  the  yield  of  peas  and  vines  100  per  cent, 

I'eleriinvrg.  Dimcan  Wright. — Very  satisfactory.  Am  unable  tji  stale  exact 
amount  of  increase;  think  gain  of  one-third.  Had  peas  on  same  land  last  year 
when  tliere  was  no  nodule  formation  on  roots;  this  year  on  atuiost  all. 

Oreenbay.  Delbert  Haase.  ^Forty-five  per  cent  better  in  the  amount  of  noilules 
in  test  of  separate  liel<la.     I  was  ivell  pleased  with  the  result. 

tHmplicUy.  Mrs.  Rose  Fisher.^AII  the  roots  simply  loaded  with  nodules.  A 
pece  of  cowpeas  on  an  adjoining  field,  not  treated,  had  about  one-half  as  many. 
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GARDEN   FEA8. 

California,  Meta  Grande.  Morgan  R.  Watkina. — The  peaa  were  planted  in  the 
poorest  iK>il,  Bcarcety  good  enough  for  grapevines,  little  rain  fell,  as  the  year 
waa  a  dry  one.  The  vines  were  not  more  than  1  foot  high,  yet  I  gathered  an 
abundance  of  the  sweetest,  tenderest  pods.  Peas  not  inoculated  araonnted  to 
nothing.  The  same  reaulls  were  noted  in  the  black-eyed  peas. 
NeUU.  T.  0.  Bailey. — KesuU  of  inoculation  good,  100  p«r  cent  better  than  those 
not  inoculated.     Crop  was  uped  green. 

FuiKinA,  Saint  Petersburg.  8.  S.  Stulta. — Most  excellent.  Compared  with  what  we 
usually  get  from  same  soil  and  same  treatment,  I  got  foar  times  as  many  peaa 
ae  we  do  without  the  microbes, 

Illinois,  TamuToa.  W.  J.  Appel. — Owing  to  the  wet  weather  this  spring,  could  not 
get  seed  in  as  early  as  I  would  have  liked  to  do,  but  result  was  very  eatiefac' 
tory  and  increased  crop  by  about  40  per  cent  over  the  same  ground  where 
bacteria  was  not  used. 
WicAert.  P.  A.  Bonvailet. — A  complete  success;  crop  about  doubled  on  ground 
where  peas  were  never  planted  before, 

Maikg,  Lincoln  Center.    C.  A.  Brown, — Crop  about  double  what  I  got  on  seed  not 
inoculated.     The  stuff  is  wortb  a  good  deal  for  peas  on  my  soil. 
Mount  Ffmtm.     ThoB.  8.  Hawkins. — The  crop  of  peas  was  better  than  usual,  but 
llie  effect  was  not  ao  marked  as  in  the  case  of  the  beans;  the  latter  was  phe- 
nomenal, 

Massachusbtth,  Bogton.     Jesse  M.  Gore.     The  pods  were  larger,  fuller,  sweeter,  and 
two  weeks  earlier  than  peaa  planted  at  the  same  time  and  under  similar  con- 
ditions with  the  exception  of  the  inoculation. 
Canton.     A.  L,  Mayo. — I  can  only  say  that  the  farmer  says  the  peas  treated  with 
the  solution  overtook  in  growth  the  planting  three  weeks  in  advance,  and 
both  crope  were  ready  for  uae  at  the  same  time. 
Florence.     Frank  H.  Graves.— Picked  43  quarts  of  green  peas  in  the  pod.    Vineo 
grew  from  7  U>  9  feet  high,  and  continued  in  bearing  for  neariy  one  month. 
Very  successful.    Remarkable  growth  of  vines  and  heavy  crop  of  pods. 
Sandimeh.    Geo:^  H.  Credeford. — Planted  two  double  rows  about  1  rod  long; 
gathered  three  times  enough  for  a  family  of  four,  in  all  about  1  i  pecks.    From 
same  soil  and  amount  of  seed  gathered  only  about  one-half  peck  last  year 
without  inoculation. 

MicHioAN,  PeUston.  H.  L.  Millspaugh. — We  planted  four  rows  of  each  seed  each 
way;  that  is,  four  using  inoculation  and  four  witliout  it,  harvesting  the  peas 
as  a  green  table  crop.  The  results  were  very  flattering  to  the  use  of  the  inocu- 
lating material — fully  donble  yield. 

New  HAMrsHiKB,  Franconia.  L.  F.  Noble. — There  were  bacteria  bulbs  everywhere 
more  than  an  inch  through.  It  was  wonderful  and  it  filled  me  with  hope  for 
the  future. 

New  Jersey,  Chatham.  W.  H,  Meyer. — Seed  germinated  somewhat  sooner  than 
those  uninocDiated.    I  recommend  it  to  anyone  lo  use  in  place  ol  bone  dust 

New  Yobk,  Clay.  Mrs.  Arthur  Hall. —Entirely  successful.  Yield  wonderful.  Cul- 
ture applied  to  earth  and  sprinkled  along  pea  rows.  The  soil  now  seems  like 
aandy  loam,  whereas  it  was  the  heaviest  of  clay  before.  Celery  following  peas 
is  very  fine. 
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New  Yobk — Contlntied. 

K^-ngaton.  Mre.  Clara  N.  Baed. — Three  crope  from  one  set  of  vinee,  each  crop 
very  full  and  almost  double  usual  crop  in  quantity.  The  icoculatioii  has  made 
wom-ont  soil  very  productive. 

Northwood.  John  R.  B|)ear8.— The  toll  vine  (3  feet  high)  was  cut  from  a  row  that 
was  trealad  with  the  culture  of  aitn^n-gathering  genua.  This  sample  fairly 
represents  the  growth  of  all  the  rows  thus  treated.  The  short  vine  (14  inches 
high)  was  cut  from  the  row  of  vines  not  treated  with  the  culture.  It  was  the 
best  vine  among  those  untreated.  The  rows  were  4  feet  apart  and  the  diHtan<;-e 
between  the  two  plants  was  about  7  feet.  If  you  recall  that  the  seed  wss  the 
Dwarf  Alaska,  the  large  vine  will  seem  rather  remarkable,  I  think.  The 
nodules  are  particularly  well  worth  observing.  On  July  3,  I  made  the  first 
picking  from  the  plot.  On  63  untreated  vines,  taken  as  they  oamc,  1  found  1(S 
pods;  on  63  treated  vines,  taken  as  they  came  in  the  next  row,  I  found  856 
pods.  The  first  picking  well-nigh  stripped  the  untreated  row;  the  treated  vines 
have  yielded  two  good  pickings  since,  and  etili  another  is  now  filling  out. 
Vines  first  appeared  above  the  ground  on  May  17,  and  they  hod  reached  a 
height  of  from  2  to  3  inches  on  June  I.  The  plot  was  then  of  uniform  appear- 
ance as  to  the  thrift  of  the  vines.  On  June  I,  I  watered  all  the  vines  in  the 
plot,  except  one  row,  with  a  solution  or  culture  of  those  germs,  made  according 
to  accompanying  directions,  and  raked  fine  dry  soil  over  the  ground  thus  mois- 
tened. Since  that  date  all  the  rows  have  been  cultivated  enough  to  keep  the 
surface  soil  fine  and  free  of  weeds  and  grass,  and  all  have  been  treated  alike 
in  every  particular.  Ho  fertilizer  of  any  kind  has  been  applied  to  any  of  the 
rows  at  any  time  before  or  since  planting.  The  quality  of  the  soil  is  uniform 
throughout  the  plot.  The  soil  itself  could  have  had  no  influence  in  producing 
the  extraordinary  difference  in  vine  growth  shown  herewith.  (See  Plate  X.) 
If  I  seem  to  be  burdening  you  with  det^ls,  I  must  urge  as  an  excuse  the  extra- 
ordinary interest  excited  by  the  wonderful  success  attained  by  the  use  of  the 
nitrogen-fixing  germs. 

SeotUaiUe.  Frank  Kingsbury. — In  light  sand,  soil  very  poor.  The  roots  were 
covered  with  nodules,  the  vines  a  good  color,  the  yield  good.  The  nitrogen- 
fixing  bacteria  are  certainly  a  success. 
Pbhhsylvania,  Bryn  Alhyn.  Mrs.  J.  A.  Wells. — OnAprill4,  Iplantedthree  kindsof 
peas.  They  came  up  well,  but  did  not  grow  rapidly.  I  had  inoculated  the 
seed  according  to  directions.  On  May  14,  a  neighbor,  having  obtained  a  culture 
for  peas,  spared  some  for  me.  I  inoculated  more  seed  and  planted  them;  then 
having  some  of  the  liquid  left,  I  added  water  at  the  rate  of  one-half  pint  to  2 
gallons  of  water,  and  having  hoed  the  soil  away  a  little  from  the  roots  of  the 
previous  planting  of  peas  (now  4  or  5  inches  high),  I  watered  them  with  the 
diluted  culture  and  hoed  the  soil  hack.  Well,  now  the  watered  planting  of 
peas  is  a  sight— tall,  luxuriant  plants  covered  with  fine  pods.  They  are  the 
admiration  of  the  ne^hborfaood.  The  lat«r  planting  that  was  inoculated  but 
not  watered  with  the  culture  is  doing  better  than  any  peas  I  have  had  hereto- 
fore, but  not  nearly  bo  well  as  the  ones  that  were  watered  after  they  were  up. 

[inter  report.] — Four  bnshels  of  fine,  well-filled  pods  were  gathered.  Hitherto 
our  soil  would  not  produce  peas  to  amount  to  anything.  My  next-door  neigh- 
bor has  soil  exactly  similar  to  ours  and  manured  it  more  heavily.  He  used 
the  same  seed  as  1  did,  but  my  peas  were  decidedly  finer. 

DaitvUle.  Mrs.  G.  P.  West.— A  good  crop  where  heretofore  they  barely  gave 
seed;  good  size,  a  good  growth  of  vine.    It  is  a  great  thing  for  the  farmer. 
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Pknnb  VL  V  ASIA — Continue!! . 

Erif.  J.  M.  Gordon. — Planted  a  pint  of  inoL'ulftted  peas  oq  Apr'l  28  in  f^round 
that  had  not  been  fertilised.  At  the  same  time  we  planted  as  much  more  in 
ground  that  had  been  welt  manureil.  The  crops  from  each  were  about  oijnal. 
After  the  vinee  had  been  pulled  up  we  planted  some  string  beans  in  the  mine 
ground  and  are  now  enjoying  the  result,  the  vines  being  as  prolific  as  i£  they 
were  the  first  crop  of  the  season. 

Philadelphia.  Louis  Costa. — Result  a  goo<l  third  better  than  other  years  with 
same  space  planted. 

Philadelphia,  H.  N.  Lowry. — Vines  yielded  oni«  and  a  half  the  crop  yieldwi  by 
vines  from  grounil  not  inoculated  but  which  was  manured.  The  vines  from 
inoculated  seed  yielded  full  pods  and  the  peas  and  beans  were  larger  than 
those  from  untreated  seed, 

Tituteille.  Geo.  L.  Benton. — I  tried  it  on  peas  and  it  was  eminently  eucceesfut. 
Where  I  got  no  peas  last  year  I  had  an  abundant  crop  after  using  your  bacteria 
mixture,  and  1  never  had  such  a  crop  of  peas.  I  think  your  discovery  very 
valuable,  and  I  thank  you  for  sending  the  sample  to  me. 

WetUAeiUer.    Edy.  H.  Jacob. — Inoculated  peas  fully  matured  by  October  1; 
uninoculated  did  not  flower  at  all.     On  September  15,  1904,  inoculated  fteas 
were  18  inchw  high,  uninoculated  8  inches  high.     Planting  was  late,  butshows 
big  returns  by  inoculation.     (Date  of  planting,  August  15.) 
RnoDB  Island,  Ckepachet.     Henry  Parsons. — Should  think  the  result  of  inoculation 
to  be  a  benefit  amounting  to  about  50  per  cent    Can  not  give  result  in  figures, 
as  the  mort  of  the  peas  were  picked  green. 
Sooth  Carolina,  Gaffney.    Jeremiah  Gardner. — My  peas  were  better  than  the  peas 
of  others  who  used  commercial  fertilizer,  ripened  early  and  evenly,  circum- 
stances nnfavoiahle,    I  consider  inoculation  a  boon  to  agriculture. 
South  Dakota,  Lead.     X.  L.  Read. — Sowed  on  yellow  clay.     Had  great  difficulty  to 
loosen  the  ground  enough  to  cover  the  seed.     Impossible  to  cultivate.     Har- 
vested about  IT  gallons  of  peas  of  well-tilled  pods.    On  piece  of  ground  same 
size,  seed  not  inoculated,  harvested  less  than  one-half  gallon  of  peas. 
WASHiNCiTOM,  Junnita.     W.  H.  Witlenmeyer. — Plante<l  on  unfertilized  ground.     Vini-s 
from  2  to  5  feet  high  and  the  crop  was  at  lea^t  100  per  cent  greater  than  the 
same  kind  of  pea  planted  at  the  same  time  not  inoculated. 

White  Salmon.  W.  0.  Cos. — Inoculation  a  great  benefit.  Crop  about  doDble 
what  it  would  be  without  it. 
Wisconsin,  Jaiietmlk.  J.  T.  Fitchett — Plants  were  stronger,  blossomed  two  weeks 
earlier,  stood  dry  weather  better,  and  muturc<I  more  |)eas  than  plants  not  fo 
treated.  In  addition,  I  inoculated  seed  for  four  other  parties,  requesting  them 
io  report  to  me.  One  man  reports  50  per  cent  better  yield.  His  soil  was  poor, 
and  the  bai^teria  showed  more  effectively  by  contrast.  A  market  gardener 
reports  a  larger  yield  than  from  similar  sceil  not  treattnl;  but  to  him  the  iuft 
feature  was  earlier  maturity  by  two  weeks.  AH  report  favorably,  those  plant- 
it^  on  poor  soil  reporting  the  largest  increase. 

Keit'diinee.  Thos.  Zahorik.— Thrashed  from  1  hnehel  of  freatetl  seed  19  buflhelH, 
Fr<im  the  other  peas  I  only  thrashed  1 1  bushels. 

M'triiifiii:  George  R,  Hawkins. — They  were  twice  as  full  as  those  not  inixni- 
lateil.  Sandy  loam.  Most  of  them  used  green.  The  nodules  were  very 
plentiful  on  roots. 
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Wieooss  J  K — Contjnoed . 

Sitter  Bay.  Adolph  Soderburg.— There  were  more  ixids  on  the  viiiee  that  were 
treated.  About  3  bushels  more  peaB  to  the  acre  on  those  that  were  treated 
than  those  that  were  not.  There  were  twice  tie  many  nodule  Eormatlons  on 
roots  from  the  treated  seed. 

BEANS. 

Alabama,  PruildaU.  Oeoi^  W.  Dibble. — When  tlie  crop  was  read/  for  market  the 
beans  were  piclfed  from  both  plots.  Tlie  plot  that  was  ino('ulat«d  kept  grow- 
ing and  bearing  fruit;  on  the  other  plot  they  dried  up.  When  the  lieann  were 
gathered  the  yield  on  the  inoculated  plot  was  more  than  double  that  of  the 
other. 

(California,  N^U.  T.  0,  Bailey. — Kesult  of  inoculation  gooil,  75  per  cent  better 
than  those  not  inoculated.    Inoculated  did  not  mildew,  others  did. 

Colorado,  Arvada.  A.  B.  Cole. — Planted  3  acres  adjoining  2  acres  uninoculated. 
The  inoculated  beans  produced  one-fifth  more  to  the  acre  than  adjoining. 

Illinois,  Ckkago.     Stuart  S.  Crippen. — Yield  of  beans  was  one-third  above  average, 
and  product  unexcelled  in  size  and  flavor  for  table  use.    Seed  beans  are  con- 
siderably larger  than  parent  beans. 
RottvUU.    1.  A.  Smothers. — While  I  did  not  plant  any  untreated  seed,  I  can  say 
that  the  yield  was  surprisingly  great,  a  matter  of  remark  by  everyone  seeing 

Kahsas,  ^brd.     R.  L.  Wilson. — Kesult  of  inoculation  deui<ledly  good;  ground  inoc- 
ulation did  a  great  deal  the  beet. 
Maksachdhbtts,  Botlon.     Edw.  W.  Greene. — The   beans   »^eiiied   to   grow   a   third 
faster,  to  be  in  condition  to  use  some  time  earlier,  and  to  give  ine  at  leaHt  one- 
fourth  more  beans. 

Oambridge.  L.  D.  Evans. — The  beans  and  peas  that  I  put  in  early  in  the  sum- 
mer have  grown  marvelously  well,  and  in  soil  that  did  not  seem  sufficiently 
fertile  to  raise  anything  but  tin  cans  and  rubbish. 

MiddUboro.  Fred  A.  Orcutt. — Iplanted  the  sameseed  and  the  same  amount  upon 
the  same  ground  with  the  culture  that  1  did  without,  and  the  beans  that  were 
treated  have  done  much  better  in  every  way  than  those  that  were  not. 

Aorth  Falmouth.  Ella  M.  Donkin. — The  beans  were  the  admiration  of  all  who 
saw  them,  and  I  invited  all  whom  I  could  interest  in  ttiemtoseethem.  I  had 
planted  in  another  part  of  the  same  garden  beans  which,  although  supplied 
with  fertilizer,  did  notamount  to  anything,  and  1  decided  to  try  the  bacteria 
organisms,  even  if  it  were  late  in  the  season  for  planting.  I  planted  them  July 
14,  and  early  in  September  we  bad  fine  string  beans  to  use.  The  pods  were 
large  and  of  excellent  quality.  They  continued  to  bear  until  an  early  frost 
killed  the  vines.  *  *  *  We  examined  the  roots  in  different  stages  and 
found  the  nodules  well  developed. 

Piie.  H,  R  Howard.— Darker  green  throughout  season  without  fertiliier  than 
uninoculated  with  fertilizer.  Gave  as  good  results  as  fertilized  portion,  ripen- 
ing about  as  early. 
MiCBiGAN,  BrintoR.  B.  B.  Stevens. — Plants  more  vigorous  and  tietter  podded. 
Estimated  increase  of  yield  not  less  than  25  per  cent.  Am  well  pleased  with 
the  experiment. 

Saugaiuck.  F.  H.  Krensch. — I  gathered  the  beans  about  September  20;  have 
only  thrashed  part  of  them,  but  I  am  sure  I  will  have  five  times  as  many  as 
last  yew  on  the  same  ground.     I  think  it  is  i 
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New  Hahpshibg,  Penacooi:  J.  M.  Masson. — Beans  were  exceptionally  good — at  least 
20  per  cent  over  last  year  on  Bame  ground.  This  increase  I  attribate  to  the 
inoculHtion. 

New  York,  Jatper.  H.  W.  Smith. — Those  inoculated  yielded  sixtyfold.  Those  not 
inoculated  yielded  about  fiftyfold  on  the  same  kind  of  soil  witli  same  care. 
The  b4«nB  inoculated  are  one-third  larger. 
Kingeton.  Mrs.  Clara  K.  Reed.^Pods  very  full  o(  large  beans.  Some  vines  bad 
a  second  crop.  The  inoculation  has  greatly  enriched  the  soil,  so  that  it  is 
much  better  to  use  for  other  vegetables. 
Peim  Yan.  John  D.  Buckley. -—The  ground  wss  on  a  side  hill,  gravelly  and 
Bondy,  and  had  been  practically  worked  out.  In  spite  of  this  and  insect  attacks, 
I  had  the  best  piece  of  beans  I  ever  raised.  A  fanner  living  near  me  planteil 
beans  twice  in  succession  on  the  eame  land  and  I  helped  harvest  the  beans, 
but  they  were  hardly  worth  the  labor, 

Ohio,  Linden  Heightt.  E,  B.  Champion  — Reans  yielded  fully  one-half  more  than 
untreated.  The  green  beana  carried  the  largest-sized  pods  I  ever  saw,  but  the 
yield  was  not  increased  so  enormously  aa  in  the  case  of  the  wai  beans.  In 
this  case  the  increat^'  was  so  marked  as  to  cause  wonder  among  my  neighbors. 

PENNSYLVAsrA,  Creiton.  V.  P.  Sanker. — On  ground  which  never  before  would  raise 
a.  crop  of  beans  had  mervelons  crop  this  year,  the  heaviest  ever  raised  in  this 
locality.  Planted  seven  rows  in  middle  of  Held  without  inoculating,  and  the 
old  conditions  prevailed. 
Lodikaven.  George  P.  Singer. — I  used  them  in  my  botany  and  uaturC'Sttidy 
classes  in  this  waj'.  1  furnished  each  student  with  a  number  of  pots  of  fine 
white  aand.  The  same  day  they  plante<l  beans  and  clover,  and  also  the  same- 
kind  of  seeils  inoculated  with  the  bacteria.  Each  pot  was  exposed  to  the  same 
conditions  and  the  inoculated  compared  as  to  growth  with  the  uninoculated. 
There  was  no  especial  difference  in  germination,  but  when  the  plants  had  put 
fortli  their  first  leaves  the  ones  inoculated  b^an  to  grow  much  faster  than 
their  neighbors.  It  was  not  longuntil  tbey  were  twice  as  high,  and  while  the 
ordinarj'  seeds  produced  plants  stunted  and  ill -nourished,  the  inoculated  seeds 
■  in  many  cases  producwl  a  large  bean  stalk  with  fully  developed  pods  and  beans. 
The  clover  seed  showed  the  same  result.  lioot  nodules  were  formed  in  great 
abundance.  ^11  in  all,  it  was  the  most  interesting  experiment  I  have  ever  tried 
in  my  classes,  and  it  aroused  a  great  deal  of  interest  in  the  students.  I  am 
confident  that  if  clover  and  beans  will  grow  as  they  did  for  us  in  sand  which 
was  quite  tree  from  oi^anic  matter,  your  nitrogen-fixing  bacteria  will  solve 
many  problems  for  the  intelligent  farmer. 
Norlkeasl.  John  Wheeler,— Result  of  inoculation  splendid.  Refugee  beans  for 
canning  factory.  One-third  acre  yielded  $50  to  $60  clear  profit.  I  Ihink  it 
lan  not  be  beat  by  use  of  fertilizer. 

Rhode  Island,  Kingslon.  H.  J.  Wheeler,  director,  Rhode  Island  Agricaltural  Ex- 
periment Station. — Concerning  the  wax  beans  and  green-podded  bush  beans. 
both  are  continuing  to  show  very  striking  benefits  from  the  use  of  the  inocu- 
latii^  material,  so  much  so  that  I  think  it  would  be  a  very  important  matter. 
economically.  If  one  were  growing  them  on  a  large  scale,  whether  the  land 
was  inoculated  or  not. 

Trnnessbb,  Jefferson  City.  J.  Porter  Corbett— Difference  from  one-fourth  to  one- 
half  in  favor  of  inoculation. 

Vbrmost,  MiddUhary.  J.  E.  Sperry,— Gain  from  inoculation  11  bushels  per  acre  over 
seed  not  treated,  planted  side  by  side.    There  is  uodoubt  but  that  it  isa  great 
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Juanila.  W.  B.  Witt«nmeyer. — Inoculated  beans  at  least  100  per  cent 
better  than  uninoculsted  on  eame  eoii.  Very  eaudy  soil  and  <juite  dry  tlii» 
last  reason. 

Marinette.     George  K.  Hawkins. — Produced   fuly  100   per  cent  above 
thoee  not  inoculated.    Clean  and  well-formed ;  no  •  uet 

80Y    BEANS. 

Alabama,  Rash.  W.  W.  Lee. — All  inoculated  but  na  rows.  Inoculated  began 
showing  resolt  of  inocnlntion  in  a  few  days  after  they  came  up,  and  harveeted 
50  per  cent  more  than  the  other. 

Geoboia,  Gainetvilte.  Join  E.  Miller, — The  soy-bean  inoculation  I  got  last  epring 
was  a  complete  success.  1  planted  10  or  12  acres  on  an  old  barren  Held,  an<l 
they  are  from  12  to  36  inches  high,  and  have  not  found  a  single  one  that  was 
not  inoculated,  one  with  tuberclee  26  inches  from  the  base.  I  think  your 
Department  a  great  help  to  the  farmers. 

Hawaii,  Napoopoo.  Gordon  Glore. — Inoculation  successful.  Tncreased  growth  of 
plant  and  abundance  o(  root  nodulea. 

Kbntccky,  Winchtfter.  Dr.  M.  S.  Browne. — Twelve  thousand  five  hundred  pounds 
dried  hay,  ready  for  atoring,  per  acre;  ground  where  seeds  were  not  inocDlated 
at  rate  of  1,500  pounds  cured  hay  per  acre.  Soil,  medium  bluf^nas  sod, 
Noninoculated  a  failure;  inoculated,  wonderful  crop.  Date  of  plantii^,  April 
15;  date  of  harvesting,  July  25. 

Mabiland.  Bgnum.  Wilmer  P.  Hoopes.— Our  aoy  beans,  drilled  in  with  com  in 
rows  Si  feet  apart,  tfye  whole  crop  making  about  20  tone  of  silage  per  acre. 
The  beans  just  covered  the  space  between  rows  and  yielded  at  least  2  tons  per 
acre.  The  roots  were  just  covered  with  nodules. 
Snt/ftiturff.  C.  M,  Leiter. — Growth  strong,  possibly  one-lourth  more  vine  than 
where  not  inoculated, 

MisaouKi,  WarionvUtt.  U.  L.  Coleman. — Where  inoculation  was  used  the  beans  did 
a  great  deal  *etter  and  produced  full  one-third  more  beans.  I  found  no 
nodules  on  the  soy  beans  where  not  inoculate<l.     The  inoculation  wasaeuccei^. 

NobthCabouna,  Borne.  D.  L.  Clements.— The  lot  of  land  (1  a(.'re]moculateddouble<l 
in  yield  of  hay  the  lot  not  inoculated,  side  by  side  in  the  same  field  on  the  same 
kind  of  land.    The  growth  where  inoculated  was  very  luxuriant. 

Pbnksylvania,  Quyi  Mills.  William  Miller — Thesoy  beans  made  twice  the  growth 
of  former  trials,     I  think  the  inoculating  made  the  increased  growth. 

TBMDBweB,  ^tritig  Gly.  J.  M,  Thompson, — Large  tubercles  covered  all  the  roofs. 
crop  of  stalks  and  leaves  very  heavy  gain,  10  bushels  per  acre.  Land  poor. 
I  conmder  the  inoculation  a  perfect  success. 

ViBQiNiA,  Caryri/rook.  C.  E.  Jones. — All  of  the  inoculated  bills  showed  an  abund- 
ance of  nodules,  whileonlyatotal  of  four  were  found  on  the  uninoculated  ones, 
notwithstanding  the  proximity  of  the  inoculated  seed,  the  roots  of  Ixith  plants 
often  interlacing.  One  row  inoculated  by  culture  and  one  by  soil  from  soy 
roots  having  numerous  nodules  showed  an  ecjual  number  of  nodules;  thecheck 
had  none.  I  find  that  the  roots  show  far  more  no<lulefl  than  I  have  ever  Meen 
before,  and  this  development  seems  more  excessive  on  the  poorer  parts  of  the 
field. 
Oloucater.  R.  M.  Janney. — I  did  not  weigh  the  hay,  bat  could  see  a  great 
improvement  over  the  uninoculated  seed  from  the  rtart,  and  got  double  the 
crop  in  the  harvesting. 
Qreenbay.  Delbert  Haase. — Thirty  per  cent  increase  in  nodules  over  that  which 
woe  not  so  treated  by  actual  teat  of  two  fields  sown  the  same  week.  The  crop 
of  the  treated  was  better  in  color  and  yield  on  thin  land,  ,  -.  , 
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IngersoU.  Ch&rlee  C.  DeiSBner.— Although  there  was  only  about  one-third  ot  a 
stand  on  account  of  poor  seed,  it  made  five  big  loads  of  elegant  hay.  The 
plants  were  over  3  feet  high  and  loaded  with  bean?.  I  tried  1  acre  without 
liacteria.    They  were  not  nearasgood,  either  in  growth  ot  in  yield  of  beans. 

Ionia.  R.  Dewsbury. — Had  the  finest  crop  of  beans  I  ever  raised;  rather  poor 
ground  without  anything  to  help  to  enrich.  I  think  the  inoculation  helped 
wonderfully.     Nodulee  large. 

Simplicily.  Henry  Fisher. — About  80  per  cent  of  the  plants  contained  from  1  to 
20  nodulea,  almost  invariably  on  the  main  root.  No  Boy  beans  had  ever  been 
planted  on  this  land  before. 

Simplicily.  Mrs.  Rose  Fiaher. — Nearly  all  plants  had  from  I  to  29  large  nodules, 
nearly  all  located  on  the  taproot  about  1  to  2  inches  in  the  ground.  An 
adjoining  field,  not  treated,  showed  but  very  few  nodules. 

HAIBT   VETCH. 

Alabama,  Tiukegee.  George  W.  Carver,  director,  Alabama  Agricultural  Experiment 
Station. — The  inoculated  plot  grew  vigorously — in  fiict,  made  an  enormous 
growth — and  made  7  bushels  of  seed  to  the  acre.  The  other  was  so  smalt  that 
1  did  not  thrash  it  out. 

Ke.stuckv,  Trmtim.  Phil.  E.  Bacon. — Used  vetch  material  with  best  results.  The 
growth  was  very  heavy  and  the  roots  as  full  of  nodules  as  any  illustration  1 
have  ever  seen,  some  clusters  fully  as  large  as  the  end  of  my  finger. 

Mississippi,  Aberdem.  Isaac  H.  Hunt. — Inoculated  was  better  in  every  way  than 
the  untreated  seed.  We  are  ver}'  much  encoun^^  by  what  we  have  already 
seeded. 

MisBOUBi,  Rolia.  J.  A.  Foden, — We  have  a  splendid  stand.  Color  good,  and  alto- 
gether very  pleased  with  result. 

Nbbrabsa,  Taylor.  Bay  (j.  Hulburt. —Bloomed  three  weeks  earlier;  more  seed; 
larger  plants.  Oats  sowed  with  it  were  larger.  Boots  crowded  with  tubercles, 
single  and  in  masses.  Sowed  too  close;  germs  spread  to  untreated  part  in 
July,  but  it  never  caught  up.    Some  plants  lOi  feet  long. 

Nevada,  Stelton.  Jas.  H.  Campbell.— Best  I  have  ever  had.  Vetch  was  so  thick  I 
could  not  see  where  the  machine  cut. 

North  Carolina,  Slatesrilte.  F.  T.  Meachain.— This  vetch  grew  to  a  height  ot  6 
feet  in  some  places,  although,  not  having  sufficient  grain  crop  to  hold  it  up,  it 
fell  over  verj'  badly.     I  think  the  vetch  inoculation  a  great  succe*B. 

New  York,  Butterfiy.  J.  E.  Baker.— Fine  growth  on  very  poor  soil.  A  high,  dry, 
gravelly  knoll  grew  6  to  8  feet  and  a  mass  ot  blossoms  and  pods.  Have  never 
succeeded  in  growing  anything  on  this  piece  before. 

Ohio,  Cdina.  D.  Hell  worth.— Nodules  are  very  abundant;  simply  wonderful.  1 
measured  a  stalk  to-day  7  feet  long,  besides  having  four  branches. 

Washington,  Seattle.  David  B.  Porter. ~I*st  tall  I  treated  winter  vetches  with  the 
solution  prepared  as  directed  and  planted  the  same  broadcast  over  a  snutll 
patch  of  ground  with  a  good  deal  of  clay,  some  blue  and  some  shot  clay.  On 
turning  the  ground  over  in  the  spring,  there  was  a  network  of  roots  forming  a 
thick  sod  about  8  or  10  inches  deep  and  very  heavily  charged  with  the  nitrogen 
nodules,  some  roots  having  as  many  as  40  or  50.  I  have  used  other  rotted 
v^:etable  matter  with  this  to  form  a  humus  and  have  now  a  fine  friable  soil 
which  yielded  very  heavily  this  year. 
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W18COKBIN,  Germania.    C.  E.  Pierce.— The  beaefltwaa  very  plain,  promoting  a  rank 
growth,  adding  at  least  one-third  to  crop. 
Meadou)  ValUy.    C.  H.  Johnson. — Inoculation  snoceMful.    Nodules  in  quite  large 
cloBtereoD  lower  flbere  of  the  roota,  more  Bcattering  near  the  aarface.    Planted 
on  high  sandy  land. 

CEIMSON  CLOVRH. 

Alabami,  Tutitgte.  Creorge  W.  Carver,  director,  Alabama' Agricaltural  Experiment 
Station. — This  was  quite  noticeable,  that  on  the  adjoining  plot  the  stand  was 
}U8t  as  good  as  on  the  inoculated  plot,  but  it  grew  very  poorly.  It  remained 
email  and  yellow  throughout  the  season.  The  inoculated  plot  grew  fairly  well 
and  was  very  rank  and  green  in  color.  These  plots  were  treated  in  every  way 
alike  except  in  the  matter  of  inoculation.  One  end  of  the  inoculated  plot  did 
not  get  any  of  the  inoculating  material  and  the  small  inferior  clover  was  very 
noticeable. 

Pkhksyi.vania,  BdUfonte.  James  A.  B.  Miller.— Fair  catch  on  thin  soil.  About  8 
inches  high.  Failure  on  same  soil  last  year  without  inoculation.  Seems  thrifty 
and  gives  every  promise  of  successfol  catch. 
Joanna.  H.  E.  I^ank. — It  is  a  satisfaction  to  inform  yon  that  there  was  a  much 
greater  mass  of  fibrous  roots  on  the  plants  grown  from  the  seed  treated  with 
the  material  than  on  the  plants  from  the  untreated  seed.  The  nodule  forma- 
tions are  much  more  abundant  on  the  former  class  of  plants.  There  is  a  good 
stand  of  clover. 

■Washington,  ^>okane.  Henry  M.  Richards. — The  results  heretofore  with  the  same 
amount  of  seed  have  been  a  very  stunted  growth  and  scant  blooming.  The 
seed  prepared  with  the  inocuIatJng  material  haa  produced  a  most  luiuriant 
growtli  and  a  perfect  niaes  of  bloom,  an  improvement  ao  great  that  it  is  diffi- 
cult to  descnbe. 

West  Vibi^ihia,  Elm  Grove.  George  Fos. — Seed  inoculated  50  per  cent  superior  to 
the  seed  which  was  not  inoculated. 

SWEET  PEAS. 

Caufobhia,  Lot  AngfUi.  W.  L.  Cleveland. — The  seeds  were  treated  in  accordance 
with  the  instructions  yon  sent  me,  and  then  planted  in  the  usual  manner.  The 
result  of  this  seeding  was  a.  hedge  of  vines  that  grew  to  a  height  of  about  8  to  10 
feet,  covered  with  a  lot  of  fine  Urge  bloseoms  that  were  the  delight  of  the  whole 
neighborhood.  Across  the  street,  and  treated  in  the  ordinary  way  with  the 
Mime  Heed  that  I  furnished  them,  but  without  the  inoculation,  the  vines 
scareely  grew  5  feet  and  the  flowers  were  small  and  few.     I  consider  the  thing 

MAHBACHusffiTB,  Wetl  RoxbuTy.  F.  G.  Floyd. — Plants  were  very  luxuriant  and  about  12 
feet  high.  Leaves  very  large  and  rotund;  flowers  very  large  and  of  fine  color. 
Plants  produced  several  double  flowers,  i.  e.,  having  two  or  three  entire  or 
partially  formed  standards. 

New  Jbbbbv,  Neatart.  William  J.  Hesse. — The  crop  was  a  complete  succees,  while 
other  growers  in  this  location  did  not  succeed  at  all.  While  I  have  no  record 
of  the  quantity  of  the  crop,  I  will  say  that  I  had  a  larger  crop,  better  blooms 
of  lasting  quality  than  any  other  grower  with  the  same  amount  of  ground 
planted.  I  had  two  awards  at  the  New  Jereey  HorticuttuTal  Society  for  these 
same  blooms  in  June  and  July  at  Orange,  N.  J.,  and  I  know  that  had  it  not 
beem  for  the  inoculating  of  the  seed  I  would  not  have  been  eo  succeeeful. 
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FIELD  PEAS. 

Maihb,  Auburn.  G.  L.  Tbomse. — The  product  out  of  No.  1  strip  without  any  tertit- 
izer  waa  ae  much  as  out  ol  No.  3  vith  the  heavy  manuring.  In  other  wordf, 
the  inoculattDf*  culture  had  done  as  much  for  atrip  No.  1  as  the  barnyard  dreee- 
ing  had  done  for  No.  3;  while  No.  2  (inoculated  and  manured )  had  produced 
as  much  ae  the  other  two  etripa  combined.  The  growth  in  No.  2  was  excess- 
ively strong  and  luxuriant,  and  this  was  due  to  the  nitrogen  drawn  from  the 
aJr  by  the  yaccinatinf;  cultures.  No.  1  was  fair  yield  and  cott  about  60  per 
cent  as  much  as  No,  2  and  about  47  per  cent  of  that  for  No.  3. 

Pbnksylvania,  Harislottm.  J.  T.  Campbell.— Where  soil  was  inoculated  the  result 
was  marvelous — four  times  as  great  as  where  there  was  no  inoculation. 
Nodules  one-half  inch  in  diameter.     (See  Plate  VII. ) 

Tezis,  Ketue.  A.  P.  Wesley. — Nodules  formed  on  vines  when  quite  young  and  the 
growth  was  fine,  while  the  land  they  were  planted  on  was  worn-out  clay.  I 
think  it  a  success. 


VELVET   BEANS. 

Plobida,  Jacktonciile.  E.  H.  ArfflBtronK. — Thirty  to  60  per  cent  increase  over  that 
where  seed  was  not  inoculated  with  the  velvet-bean  culture;  same  for  cowpea. 
Season  dry,  somewhat  unfavorable. 

Louisiana,  Cadt*.  C.  E.  Smedee. — Increased  the  nodules  and  the  vinee  30  per  cent. 
Vines  were  plowed  under. 

BERSEEM. 

Calikobnia,  Berkeley.  David  Fairchild. — You  will  be  interested  to  know  that  at 
Berkeley  this  year  there  was  an  immense  difference  between  the  plots  of  ber- 
eeem  from  treated  and  untreated  seed,  the  former  being  several  hundred  per 
cent  better  than  the  latter, 

PEANUTS. 

ViBoiNiA,  Poplarmount.  Charles  Den ney. —Inoculated  a  piece  of  land  according  to 
your  instructioDH,  and  planted  Spanish  peanut**.  Increased  yield  at  the  rate 
of  5  busbels  per  acre. 

MISCELLANEOUS. 

NoiiTB  Carouna,  Gibmn.  Dr.  N.  M.  McLean, — As  to  "nodule  fonnation,"  a  test 
watt  made  by  myself  in  person  to  determine  tliis  feature.  Sterile  soil  (obtained 
from  a  sand  subsoil  several  feet  below  liie  surface)  to  which  was  added  a  cer- 
tain amount  of  phosphoric  acid  and  potash,  obtained  from  acidulated  rock  and 
muriate  potash,  was  placed  in  one-half  gallon  pots.  Bach  l^ume  tested  was 
planted  in  a  number  of  these  pots.  To  a  certain  number  a  small  quantity  of 
the  "inoculating  material"  was  added,  with  others  as  "control  pots."  In 
each  test  a  marked  contrast  was  noticeable  in  a  abort  time,  the  inoculated 
pots  showing  several  timee  the  plant  growth  the  control  or  uninoculated  poft 
did,  and  in  each  case  the  inoculated  pots  showeil  a  plentiful  supply  of  nodules 
on  the  plant  ruots.  An  experiment  on  a  large  scale  was  then  tried.  A  trench 
3  feet  broad  and  12  feet  long  was  dug  out  .10  inches  deep.  This  was  in  a  heavy 
clay-loam  eoil.    The  trench  was  Slled  with  this  same  steriio  soil  used  is  the 
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ni  Carolina — CoDtinned. 
pots  fertilized  with  the  phoepboric  acid  and  potash.  la  each  square  (3  feet 
by  3  (eet)  a  lef^me  was  planted— alfalfa,  crimson  clover,  soy  beans,  and  velvet 
beans.  Each  variety  of  seed  was  inoculated  with  material  you  so  kindly  fur- 
nished, and  in  each  test  there  was  an  abundant  "noihile  formation."  In  each 
one  of  these  several  tests  the  control  pots  and  plots  verified  the  results  beyond 
the  possibiiity  of  doubt.  I  hope  nest  eeaaon  to  be  in  a  position  to  make  a 
tabulated  report  that  may  be  of  use  to  others.  As  to  myself,  I  connder  your 
discovery  the  greatest  one  of  the  age  and  hope  you  may  live  to  see  a 
acknowledgment  of  the  same. 


Owing  to  the  direct  effect  of  the  nodule-fonning  bacteria  upon 
legumes,  these  plants  are  supplied  with  a  source  of  nitrogen  notavail- 
able  to  most  other  plants.  Consequently,  the  legumes  can  flourish  in 
a  soil  practically  devoid  of  nitrogen. 

The  effect  of  legumes  upon  succeeding  crops  of  any  kind  is  genei- 
ally  beneficial,  because  of  the  fact  that  the  soil  ia  enriched  rather  than 
impoverished  by  these  plants. 

Whei^  nitrogen 'fixing  bacteria  are  lacliing,  it  is  possible  to  introduce 
them  artificially  either  by  transferring  soil  from  an  old  field  where  the 
desired  leguminous  crop  has  been  succes-'tfully  grown,  or  by  the  use  of 
pure  cultures  of  tJie  proper  organism. 

The  method  of  transferring  soil  is  objectionable  be^-ause  of  the 
inconvenience  and  expense,  and  is  apt  to  he  dangerous  on  account  of 
the  possible  transfer  of  weeds,  insect  pests,  and  plant  diseases. 

The  uite  of  the  German  preparation,  nitragin,  has  not  been  a  success, 
probably  owing  to  the  method  of  growing  the  bacteria,  which  reduced 
their  virulence,  as  well  as  their  being  distributed  in  a  form  which 
caused  them  to  deteriorate  i-apidly  and  die. 

The  nodule -forming  organism  is  a  true  micro-organism,  having  three 
well-defined  stages  consisting  (1)  of  minute  motile  rods  which  pro- 
duce the  infection  and  frequently  form  zoogloea  masses;  (2)  larger 
rods  either  motile  or  nonmotile;  end  (3)  capsulated  forms,  the  so-called 
'•branched  organisms,"  which  are  made  up  of  two  or  more  rods  held 
together  in  a  sheath. 

There  is  but  one  species  of  legume  organism,  Pseitdomonas  raSic/'cola 
(Beyerinck)  Moore.  The  difference  in  the  infective  power  of  bacteria 
fi*om  different  hosts  is  due  to  slight  physiological  variations  which  can 
be  broken  down  readily  by  cultivation. 

In  order  to  increase  or  maintain  the  virulence  of  nodule- forming 
organisms  they  must  be  cultivated  upon  nitrogen-free  media.  Growtli 
upon  rich  nitrogenous  media  tends  to  diminish  and  frequently  destroys 
the  nitrogen- fixing  power,  since  this  element  can  be  obtained  more 
easily  from  the  medium  than  from  the  air. 

Various  external  conditions,  such  as  heat,  moisture,  alkalinity, 
amount  of  nitrogen  in  soil,  etc.,  all  have  a  direct  effect  upon  the 
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legume  bacteria,  and  the  failure  of  nodules  to  develop  may  often  be 
traced  to  such  a  cause. 

The  nitrogen  is  fixed  by  the  bacteria  in  the  nodule  and  becomes 
available  by  the  action  of  the  plant  in  dissolving  and  absorbing  the 
combined  nitrogen  in  these  organisms. 

Nodules  inhabited  by  rod  forms  of  bacteria  which  can  not  be  dis- 
solved by  the  plant  are  of  no  more  benefit  than  any  parasitic  gall 
would  be. 

There  is  no  true  symbiosis  between  the  bacteria  and  the  host.  The 
nature  of  the  nodule-forming  organism  is  purely  pai-asitic,  and  unless 
the  plant  can  overcome  its  action  causes  distinct  harm. 

It  is  possible  for  nitrogen-fixing  bacteria  to  penetrate  the  roots  of 
plants  and  be  of  de<^'ided  benefit  without  the  formation  of  nodules  or 
any  external  evidence  of  their  presence. 

While  it  is  desirable  that  artificial  inoculation  be  made  at  the  time 
of  planting,  experience  has  shown  that  under  certain  conditions  crops 
of  three  or  four  years'  standing  are  improved  by  adding  bacteria  to 
the  soil. 

Inoculation  is  usually  of  no  benefit  to  soil  already  containing  the 
proper  bacteria,  although  there  may  be  exceptions.  It  should  not 
be  practiced  where  the  soil  is  so  rich  in  nitrogen  as  to  preveut  the 
development  of  the  nitrogen-fixing  organism. 

The  inoculation  of  seed  and,  soil  by  means  of  pure  cultures  grown 
and  distributed  according  to  methods  devised  by  the  Department  of 
Agriculture  is  shown  by  the  reports  of  practical  farmers  to  be  of 
distinct  advantage  wheu  used  under  circumstances  that  will  permit 
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Effect  of  Poor  Sanov  Soil  Upon  Formation  of  Nodulls  of  Soy  Beans. 
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•1.— Larqe  Alfalfa  Plants  Grown  on  Sanov  Upland.  Inoculateo  and  Internal 
Infection  Proooced  without  Nodules.  J*— Small  Alfalfa  Plants  Grown 
ON  Rich  Bottom  Land.    Inoculated  from  Mel 
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Inoculated  and  Umnoculated  Field  Peas,  Gbown  bv  J   T.  Campbell, 
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CULTIVATION  OP  WHEAT  IN  PERMANENT 
ALFALFA  FIELDS.' 


Wheat  and  alfalfa  are  being  successfully  grown  together  at  the  B&me 
time  on  the  dry  uplands  of  North  Africa.  Alfalfa,  although  doubtless 
one  of  the  greatest  forage  crops  in  the  world,  has  not  so  far  in  America 
been  capable  of  utilization  in  a  short  rotation  with  wheat,  but  the  recent 
experiments  of  a  Swiss  agriculturist  in  Algeria  have  proved  that  wheat 
and  alfalfa  can  be  grown  to  decided  advantage  in  alternate  rows. 

During  an  exploring  trip  which  the  writer  made  for /the  Office  of  Seed 
and  Plant  Introduction  and  Distribution,  in  company  with  Mr.  C.  S. 
Scofield,  a  visit  was  made  to  S£tif,  Algeria,  where  Mr.  G.  Ryf,  in  charge 
of  the  Swiss  settlement  there,  has  some  remarkable  experimental 
grounds.  We  noted,  among  the  numerous  interesting  things  with  which 
Mr,  Ryf  was  experimenting,  a  field  of  alfalfa  planted  in  rows  3  feet  apart, 
between  which  rows,  he  assured  us,  he  grew  every  other  year  a  crop  of 
durum  wheat.  Since  making  this  observation  in  Algeria  in  1900,  the 
attention  of  the  writer  has  been  called  to  the  fact  that  such  a  rotation, 
if  it  can  strictly  be  called  a  rotation,  is  not  practiced  in  regions  in 
America  which  are  similar  to  the  dry  uplands  of  western  Algeria  so  far 
as  climate  and  soil  are  concerned,  and  it  has  seemed  worth  while  to 
deacribe  this  simple  method  which  Mr.  Ryf  has  discovered  and  which 
he  has  now  in  satisfactory  operation  on  his  place. 

'  Alfalfa  is  probably  tlie  greatest  fodder  crop  now  grown  In  America,  and  wheat 
still  holda  ita  place  aa  one  of  our  most  important  cultures.  The  immense  areas 
of  wheat  land  in  the  Northwest,  and  the  spread  of  durum  wheat  cultivation  into 
the  arid  Houthweet,  where  alfalfa  is  the  principal  fodder  crop,  should  make 
nnuBually  interesting  the  experiment  of  Mr.  Kyf  as  reported  in  this  paper  by 
Mr.  Fairchild. 

Willi  tlte  present  increasing  interest  in  dry-land  farming  in  portions  of  the 
West,  notably  in  Utah  and  Montana,  the  present  paper  is  very  timely,  and  meas- 
ures should  by  all  means  be  taken  to  give  the  method  a  proper  trial. 

The  observations  of  which  this  is  a  report  were  made  by  Mr.  Fairchild  and 
Mr.  C.  S.  ScoBeld  during  their  explorations  in  Algeria  in  1900,  but  at  that  time 
the  experiments  of  Mr.  Ryf  had  not  progressed  far  enough  to  merit  calling  them 
to  Uie  attention  of  American  cultivators. 

A.  J.  PlETERH, 

Botanigt  in  Charge. 
Office  of  Seeb  and  Plant 

iktroonction  and  distribution, 

Waghington,  V.  C,  Novembtr  19,  1904. 
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In  response  to  a  letter  of  inquiry,  the  writer  received  a  communica- 
tion from  Mr,  Ryf,  dated  August  12,  1904,  of  which  a  tree  translation 
from  the  French  follows : 

I  believe  more  and  more  firmly  that  lucem'  is  destined  to  play  an  impor- 
tant rflle  in  all  dry  countriea  where  forage  is  scarce.  The  value  of  the  inter- 
calary culture  of  cereals  in  laoem  has  been  proved.  I  believe  it  to  be  rational 
and  to  solve  the  great  problem  of  an  economical  manure  crop.  After  numerous 
trials  with  planting  lucern  in  rows  at  different  dietances  apart,  we  have  at 
last  found  that  a  distance  of  about  40  inches  between  double  rows  of  the 
plant  is  most  satiafactcry.  The  diBtonce  between  the  single  rows  is  uniformly 
about  4  inches.  Formerly  we  sowed  the  lucern  in  single  riiws,  but  we  have 
found  it  surer  to  sow  it  in  double  rows.  With  good  seeders  the  work  of  sowing 
IB  not  difficult.  The  space  of  40  inches  between  the  double  rows  of  lucern  we 
sow  ordinarily  with  only  three  rows  of  wheat  or  other  cereal,  each  row  occupy- 
ing about  7  inches  and  the  double  row  of  lucern  12  inches,  making  a  total  of  40 
inches.  Thespaeebetweenthetwo  rows  of  lucern  is  cultivated  two  or  three  times. 
In  one  of  these  cultivations  the  earth  is  turned  toward  the  rows  of  iucern ;  in  the 
other,  away  from  them.  Aftereach  cultivation  a  harrow  (andsometimes  a  roller) 
is  run  over  the  ground,  providing  there  are  atones  or  large  clods.  These  spaces 
between  the  rows  of  lucern  are  sown  only  one  year  out  of  every  two,  the  yield 
in  forage  during  the  year  in  which  the  ground  is  left  fallow  compensating  largely 
for  the  lose  which  is  incurred  by  not  planting  the  ground.  In  very  good  soils 
our  good  indigenous  varieties  of  lucern  make  such  a  growth  that  the  rows  join 
one  another,  notwithstanding  the  considerable  distance  of  nearly  40  inches  which 
separates  them.  A  field  during  the  fallow  period  looks  as  if  it  had  been  sown 
broadcast,  or  at  least  drilled  in  lines  very  close  together.  We  get  thus,  on  dry 
soil,  without  irrigation,  two  or  three  cuttings  of  lucern,  and  pasturage  more  or 
less  abundant  during  the  remainder  of  the  year.  We  feared  that  lucern  might 
injure  the  cereals  planted  between  the  rows,  but  there  has  been  no  reason  for 
tills  fear.  I  would  add  that  at  the  time  of  the  plowing  preparatory  to  sowing 
the  ground  we  take  pains  to  cut  off  with  the  colter  and  plowshare,  both  of  which 
are  kept  well  sharpened,  masses  of  the  lucern  roots.  This  operation  in  a  meas- 
ure checks  the  growth  of  the  latter  during  the  vegetative  period  of  the  cereals, 
but  being  a  plant  of  vigorous  spreading  habits  it  soon  sends  out  new  roots  and 
shoots  in  such  a  way  that  the  following  year  it  has  regained  all  of  its  former 

There  are  very  considerable  advantages  in  this  method  of  culture.  The  Incem 
sends  its  roots  from  1  to  3  meters  [3.2S  to  9.84  feet)  deep  into  the  subsoil  and 
draws  from  it  the  water  necessary  for  its  growth.  It  absorbs,  as  well,  nitrogen 
from  the  atinosphere,  which  is  the  other  source  of  food.  Prom  the  roots,  which 
are  amputated  periodically,  is  secured  a  green  fertilizer  which,  according  to 
numerous  experiments,  is  equivalent  to  a  good  dressing  of  barnyard  manure. 
But  this  manure,  in  the  form  of  amputated  roots,  plays  still  another  r6le  quite 
as  important  in  dry  land.  It  serves  the  purpose  of  a  water  reservoir.-  In  fact, 
these  roots  in  decomposing  become  like  little  sponges  which  run  through  the 
soil,  and  in  these  the  rain  water  accumulates.  These  roots,  penetrating  deeply, 
thus  constitute  reservoirs  of  humidity,  at  the  same  time  breaking  up  and  rotting 
in  the  soil  and  subsoil,  in  this  way  tarnishing  nourishment  and  moisture  to  the 
cereals  which  are  grown  between  the  rows,  and  playing  the  rOle  of  excavator  at 
the  same  time. 
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Oar  indig^nooB  varietifta  of  lucem  which  have  been  acclimated  in  thi«  region 
since  Roman  times  are  incomparably  more  valuable  than  the  cultivated  lucem 
called  dt  Provenet  or  de  Foitou.  The  former  varietieB  are  aa  Btrong  and  hardy 
aa  the  latter  are  exacting  and  delicate,  and  they  will  last  for  several  centuries,  ' 
if  not  always,  defending  iheniBetveB  victorionsty  againat  the  weeds,  which  they 
often  kill  in  place  of  being  killed  by  them.  Among  these  indigenooB  HpecieB 
there  is  one  which  ie  in  all  respects  Buperior,  and  we  are  doing  our  best  to  propa- 
gate this. 

A  number  of  cnltivatora  have  adopted  the  intercalary  culture  of  lucem  and 
cereals.  One  proprietor  in  Tunis  wrote  me  recently  that  he  waB  going  to  try  50 
hectares  (123.56  acres)  of  this  intercalary  culture.  As  for  myself,  I  extend  my 
cultures  each  year,  and  expect  to  sow  next  spring  as  large  an  area  as  the  seed 
selected  will  permit.  A  severe  storm  on  July  13  destroyed  a  large  part  of  my 
lucem  which  had  been  cut  for  seed,  which  fact  I  regret  exceedingly.  I  believe 
that  our  indigenous  lucema  would  grow  in  Montana  and  other  of  your  cold  and 
dry  regions,  but  undertliese  conditions  there  are  certain  precautions  to  be  taken, 
in  order  to  bring  the  young  plants  to  maturity.  Once  well  established,  do 
freeaes  would  destroy  them;  of  this  I  am  convinced.  Our  climate  on  the  high 
plateau  of  Algeria,  although  not  ao  cold  in  winter,  resembles  singularly  that  of 
the  dry  States  in  the  central  and  western  portions  of  your  country. 

Whether  or  not  a  place  for  this  unusual  method  of  cultiration  can  be 
found  in  the  drier  regione  of  this  country  is  well  worth  finding  out,  in 
view  of  the  fact  that  bo  successful  an  experimenter  and  bo  practical  a 
fanner  as  Mr.  Ryf  has  pronounced  it  a  commercial  succcbb  in  Algeria 
after  several  years  of  trial. 
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THE  SALT  WATER  LIMITS  OF  WILD  RICE/ 


INTBODUOTIOH. 

Wild  rice  (Zieania  aquatica  L.)  is  naturally  a  freeh-water  plant,  and 
its  growth  along  the  Atlantic  coast  of  the  United  States  is  confined  for 
the  most  part  to  sluggish  streams  or  to  tliose  deep  estuaries  that  are 
diluted  by  a  lai^e  amount  of  fresh  water.  There  are  in  many  of  these 
streams  and  estuaries  large  areas  of  marsh  lands  or  mud  flats  that  are 
submerged  and  exposed  alternately  by  the  tide.  Wherever  the  water  is 
sufficiently  fresh,  such  conditions  are  almost  ideal  for  its  growth,  and  in 
many  places  large  wild  rice  flelds  now  exist,  but  there  are  still  other 
places  of  similar  nature  where  the  plant  is  not  found  and  where  attempts 
to  establish  it  have  been  made  without  success.  These  failures  have 
been  ascribed  usually  to  the  poor  quality  of  the  seed  used  in  planting, 
and  probably  this  baa  been  one  of  the  important  causes. 

An  investigation  undertaken  two  years  ago,^  in  cooperation  with  the 
Seed  Laboratory  of  this  Department,  demonstrated  the  fact  that  wild 
rice  seed  should  never  become  dry  if  its  vitality  is  to-  be  preserved.  It 
was  also  shown  that  this  seed  can  be  gathered  and  stored  over  winter, 
if  need  be,  provided  it  is  kept  in  waterthat  is  very  cold,  and  well  aerated 
or  h^quently  changed,  or  even  frozen. 

■  Wild  rice  ia  one  of  the  favorite  foods  of  wild  ducks  and  other  game  birds  in 
the  eastern  United  States,  and  owners  of  shooting  preserves  often  desire  to  plant 
it  in  order  to  increase  the  richness  of  their  feeding  grounds  and  thereby  attract 
larger  numbers  of  birds.  Plantings  heretofore  made  haveoften  proved  failures, 
particularly  in  brackish  waters  along  the  eeacoast.  The  causes  of  failure  under 
these  circumstances  have  been  two— the  use  of  seed  which  had  been  so  dried  In 
the  caring  process  as  to  destroy  its  vitality,  and  an  excess  of  salt  in  the  water, 
by  reason  of  which  either  the  seeds  or  the  young  plants  were  killed.  A  method 
of  harvesting  and  curing  which  would  insure  vitality  in  wild  rice  seed  has  already 
been  described  in  Bulletin  No.  50  of  the  Bureau  of  Plant  Industry.  In  the  present 
paper  are  recorded  the  results  of  an  inquiry  into  the  degree  of  palinity  which  the 
planta  will  withstand.  This  information  will  make  it  possible  to  ascertain  in 
advance,  by  a  determination  of  the  salinity  of  a  particular  body  of  water,  whether 
wild  rice  planting  can  or  can  not  succeed. 

Fredertok  V.  COVILLE, 

Botanist, 
Op  PICE  OF  Botanical 

Investigations  and  Experiments, 

Washington,  D.  C,  Norember  30,  2904. 

>8ee  Bulletin  No.  60  of  the  Bureau  o(  Plant  Industry, "  W I  hi  Kice:  Its  Uses 
and  Propagatjon." 
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From  numerouB  letters  received  during  the  year  from  various  points 
along  the  coast,  it  has  become  evident  that  not  all  previous  failures 
were  due  to  the  lack  of  vitality  of  the  seed.  It  has  been  a  well  recog- 
nized fact  that  wild  rice  will  not  grow  in  salt  water;  that  is,  in  water  aB 
salt  as  that  of  the  ocean,  but  just  what  its  salt  water  limits  are  seems 
never  to  have  been  determined,  or  at  least  no  definite  information  on 
this  point  is  available.  It  was  obvious  from  the  nature  of  the  inquiries  ' 
received  that  some  such  information  was  needed,  and  consequently 
some  investigations  have  been  made  near  Washington,  where  wild  rice 
grows  along  streams  Sowing  into  Cht^sapeake  Bay.  Three  separate 
regions  were  examined,  and  two  of  these  gave  excellent  opportunities 
for  determining  the  salt  water  limits  of  the  plant. 

As  wild  rice  is  a  thoroughly  aquatic  plant — that  is,  grows  on  soil 
entirely  submerged  for  at  least  a  part  of  the  day  during  its  period  of 
growth — the  tests  for  salinity  were  confined  to  the  water  surrounding 
the  plants.  The  difficulties  attendant  upon  determining  the  quantity 
of  water  involved  in  cases  of  soil  samples  threatened  to  complicate  the 
investigation  without  adding  materially  to  the  results  desired. 

THE  METHOD  OF  TESTINa  SALINITT. 

The  salt  content  of  the  water  was  determined  by  means  of  an  electro- 
lytic bridge  designed  by  Dr.  Lyman  J.  Briggs,  of  the  Bureau  of  Soils  of 
this  Department,  and  such  as  is  now  in  general  use  by  that  Bureau. 
The  principle  involved  in  the  use  of  this  instrument  is  that  with  a  given 
temperature  the  electrical  conductivity  of  the  water  increases  with  the 
amount  of  salt  in  solution,  or,  conversely,  the  electrical  resistance  of 
the  water  decreases  as  its  salinity  increases.  The  instrument  is  com- 
pact, portable,  and  simple  of  operation  and  gives  results  that  are  accu- 
rate to  a  high  degree  and  capable  of  almost  direct  reading.  All  the 
difficulties  involved  in  securing  a  large  number  of  samples  and  making 
numerous  laboratory  analyses  are,  therefore,  obviated  and  a  survey  of 
any  locality  may  be  made  and  the  salt  content  of  the  water  determined 
on  the  spot,  where  such  information  is  of  the  greatest  value  in  inter- 
preting the  distribution  of  the  plants  studied. 

The  regions  surveyed  were  visited  by  boat  and  the  water  was  exam- 
ined both  where  the  wild  rice  grew  vigorously  and  where  its  growth  was 
obviously  inhibited  by  the  excessive  salt  content  of  the  water.  A 
special  form  of  cell,  designed  by  Doctor  Briggs  for  use  in  testing  irriga- 
tion water,  was  found  best  adapted  to  this  work.  This  cell  consists  of 
two  platinum  terminals,  coated  with  platinum  black,  and  protected  by 
a  perforated  hard  rubber  bulb.  The  cell  is  attached  to  the  bridge  by 
insulated  leads  and  immersed  in  the  water  to  be  tested.  The  bridge 
readings  are  given  in  ohms  and  a  calibration  by  measuring  the  resist- 
ance of  solutions  of   known  concentration  Bufhces  to  transfer  these 


readings  into  the  ncale  of  percentages  by  weight  or  parts  of  a  normal 
solution,  as  desired. 

In  the  following  notes  the  instrument  readings  are  nsed  largely,  while 
In  the  accompanying  table  the  relations  of  those  readings  to  both  the 
percentage  scale  and  parts  of  a  normal  solution  are  given. 

THE  REGIONS  INVESTiaATED. 

The  first  region  investigated  was  that  of  the  Potomac  River  between 
the  city  of  Washington  and  Chesapeake  Bay.  Wild  rice  was  reported 
as  abundant  in  the  deep  inlets  or  so-called  rivers  penetrating  both 
shores  of  the  Potomac  near  its  mouth.  It  was  found,  however,  that 
these  inlets  receive  so  little  fresh  water  in  proportion  to  their  size  that 
the  water  in  them  is  approximately  as  salty  as  that  of  Chesapeake  Bay, 
and  they  contained  no  wild  rice.  There  were,  however,  many  clusters 
and  even  small  fields  of  salt  reed  grans  (Spartinn  polystachya  (Mir.hx.) 
Ell.)  and  also  of  the  narrow  panicum  (Panicvm  digiiarioides  Carpen- 
ter) that  may  possibly  have  been  mistaken  for  Zizania  by  casual 
observation  from  a  distance. 

There  was  some  wild  rice  growing  along  the  shores  of  the  Potomac 
River  below  Washington  as  far  down  as  Widewater,  Va.,  near  which 
point  the  water  becomes  salty;  but  the  growth  was  so  scattering  and  so 
obviously  influenced  by  factors  other  than  the  salinity  of  the  water  that 
no  opportunity  was  found  to  test  the  limiting  conditions  with  respect 
to  this  factor. 

The  second  region  investigated  was  at  the  head  of  a  deep  inlet  from 
Chesapeake  Bay,  northeast  of  Baltimore,  Md.  This  inlet  is  known  as 
the  Gunpowder  River.  It  receives  fresh  water  from  two  small  streams 
known  as  the  Gunpowder  Falls  and  the  Little  Gunpowder.  These 
streams  annually  carry  out  and  deposit  in  the  head  of  the  inlet  large 
quantities  of  mud,  through  which  several  narrow  channels  are  kept 
open  by  the  current.  The  mud  flats  thus  formed  are  submerged  to  the 
depth  of  a  foot  or  more  at  Hood  tide  and  exposed  by  several  inches  at 
low  tide. 

This  annual  mud  deposit  is  gradually  filling  up  the  inlet,  and  over 
the  land  thus  made  the  progress  of  vegetation  is  to  be  seen  in  well- 
marked  stages.  The  first  plant  to  appear  is  pickerel  weed  [Pontedftia 
eordaia  L.).  These  usually  grow  on  the  freshly  deposited  mud  and 
doubtless  aid  greatly  in  holding  it  in  place.  These  plants  are  followed 
by  wild  rice  in  isolated  clusters  which  give  seed  enough  to  produce  a 
dense  and  luxuriant  growth  the  year  following.  Meanwhile,  additional 
deposits  of  silt,  together  with  the  debris  from  the  large  stems  of  the  wild 
rice  plants,  have  transformed  these  soft  mud  flats  into  firm  land,  and 
the  wild  rice  is  gradually  replaced  by  cat-tails  (Typlui  lalifolia  L.)  and 
various  species  of  sedges  and  grasses. 
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The  combined  volume  of  the  two  Btreams  above-mentioned  is  auf- 
ficient  to  dilute  the  otherwise  salty  water  of  the  Gunpowder  River  for  a 
considerable  distance  out  over  the  mud  flats,  and,  so  fat  ae  could  be 
ascertained  by  careful  observation,  all  other  conditions  are  sufficiently 
uniform  so  that  the  spread  of  the  wild  rice  into  the  river  is  limited  only 
by  the  salinity  of  the  water.  In  other  words,  conditions  at  the  head  of 
the  Gunpowder  River  appear  to  be  such  that  the  salt  water  limits  of  the 
particular  variety  of  wild  rice  growing  there  can  be  definitely  measured. 

There  is,  of  course,  the  universal  complication  of  tide  movement,  with 
the  result  that  the  concentration  varies  at  any  point  in  the  critical  zone 
as  the  tide  alternately  rises  and  falls.  While  the  measurements  of 
salinity  were  not  continued  at  a  given  point  in  this  zone  throughout  a 
complete  cycle  of  tide  movement,  they  were  made  for  a  sufficiently  long 
period  to  give  an  approximate  idea  of  the  range  of  concentration. 

The  conformation  of  the  mud  flats  and  channels  at  this  point  is  such 
that  there  is  verj'  little  actual  inflow  of  tide  water  over  the  rice  flelds. 
The  incoming  tide  is  little  more  than  sufficient  to  stop  the  outflowing 
ffesh  water,  even  in  the  open  channels,  so  that  the  concentration  at 
any  point  within  the  wild  rice  field  is  practically  the  same  at  flood  tide 
as  when  the  tide  has  more  than  half  run  out. 

At  the  mouths  of  the  two  streams  mentioned,  the  Gunpowder  Falls 
and  the  Little  Gunpowder,  the  water  at  the  beginning  of  ebb  tide  gave 
about  1,400  ohms  resistance.  (See  table,  p.  8.)  Out  beyond  this 
point  were  the  large  fields  of  wild  rice  cut  by  open  channels.  Among 
the  most  luxuriant  growth  of  wild  rice,  where  the  water  was  practically 
stagnant,  the  resistance  was  about  300  ohms,  varying  from  275  to  325 
ohms  at  different  points. 

On  the  outer  edge  of  the  wild  rice  field  and  in  the  channels  near  thia 
edge  at  fiood  tide,  the  resistance  was  150  ohms  or  less,  while  the  open 
water  outside  of  the  field  gave  a  resistance  as  low  as  125  ohms.  Thia 
latter  reading  corresponds  to  a  0.03  normal  solution  of  sodium  chlorid 
and  at  this  point  evidently  marked  the  limits  of  the  resistance  of  wild 
rice  to  salt  water. 

The  third  region  investigated  was  the  Patuxent  River  in  Maryland, 
from  Chesapeake  Bay  to  the  head  of  navigation,  which  is  Leon's  Land- 
ing, a  point  just  north  of  where  the  Chesapeake  Beach  Railroad  crossed 
thia  river. 

The  Patuxent  River,  for  a  considerable  distance  above  its  mouth,  is 
veiy  wide  in  proportion  to  the  volume  of  water  it  contributes  to  Chesa- 
peake Bay,  80  that  it  does  not  form  the  conventional  delta.  As  a 
result  the  tide  is  very  pronounced,  ae  the  stream  narrows  to  the  propor- 
tions necessary  to  deliver  its  water,  and  the  line  between  fresh  and  salt 
water  shifts  for  a  long  distance  with  each  tide. 

This  action  of  the  large  tide  movement  considerably  complicated  the 


task  of  measuring  the  concentration  of  the  water  with  which  the  plants 
along  the  stream  are  actually  surrounded.  It  was  found,  however,  that 
the  wild  rice  plante,  especially  those  along  the  lower  part  of  the  river 
where  the  salt  content  was  fairly  high,  are  so  situated  that  they  have  a 
minimum  of  actual  water  movement  past  them.  In  other  words,  where 
the  conditions  are  such  that  the  salt  content  of  the  river  water  at  high 
tide  is  considerably  greater  than  that  to  which  the  wild  rice  is  accus- 
tomed, the  plants  along  this  portion  of  the  stream  were  surrounded 
by  water  considerably  fresher  than  that  of  the  stream  itself.  The  maxi- 
mum concentration  in  which  wild  rice  plants  were  found  extensively 
growing  in  the  lower  river  was  about  0.03  of  a  normal  solution  of 
sodium  chlorid,  equivalent  to  a  resistance  of  125  ohms.  Occasional 
plants  were  found,  however,  where  the  resistance  was  as  low  as  60  ohms, 
but  these  were  so  situated  that  they  were  doubtless  surrdunded  a  lai^e 
part  of  the  time  by  water  much  fresher  than  this.  This  latter  test  was 
made  shortly  after  high  tide  and  the  plants  were  found  in  n  little  cove 
of  slack  water.  It  is  probable  this  represents  nearly  the  maximum 
concentration  to  which  the  plants  were  exposed. 

A  careful  survey  of  the  river  below  this  point,  White's  Landing,  tailed 
to  show  any  quantity  of  wild  rice.  There  were  occasional  plants  farther 
down  the  river,  but  always  in  situations  well  inland,  that  were  probably 
fed  by  springs,  so  that  the  water  of  the  overflow  was  considerably  diluted. 
From  White's  Landing  on  up  the  river  the  concentration  of  the  water 
diminished  rapidly  and  the  mud  flats  on  either  shore  produced  an  abun- 
dance of  wild  rice.  In  fact,  from  Nottingham  north  to  the  head  of 
navigation,  wild  rice  is  the  most  conspicuous  feature  of  the  vegetation 
bordering  the  river. 

CONOLnSIONS. 

From  the  surveys  thus  made  in  the  vicinity  of  Washington,  it  seems 
fair  to  assume  that  the  salt  water  limit  of  wild  rice  is  approximately 
represented  by  0.03  of  the  normal  solution  of  sodium  chlorid.  This  is 
very  considerably  less  than  the  concentration  of  the  water  of  Chesapeake 
Bay,  which  has  a  resistance  of  about  20  ohms,  or  a  concentration  equiv- 
alent to  about  0.28  of  a  normal  solution  of  sodium  chlorid.  It  is  also 
obvious  that  this  represents  about  the  maximum  salt  water  resistance 
of  the  species  in  the  regions  examined,  since  the  growth  along  the  limit- 
ing zone  is  abundant,  and  in  the  nature  of  the  case  the  whole  tendency 
is  toward  the  selection  of  plants  able  to  resist  higher  concentrations. 
The  streams  along  which  these  plants  grow  on  the  Atlantic  coast  usually 
flow  into  salt  water.  Nearly  all  of  them  cany  down  large  deposits  of 
mud  and  form  shallow  deltas  which  give  physical  conditions  best  adapted 
to  the  plant,  and  any  individuals  able  to  succeed  in  saltier  water  would 
considerably  aid  the  species  in  its  conquest  of  territory. 

When,  therefore,  the  question  of  establishing  cultures  of   wild  rice 


aloDg  the  coast  Btreams  is  being  considered,  it  is  highly  important  that 
the  concentration  of  the  water  covering  these  areas  be  determined,  for 
this  appears  to  be  the  factor  of  the  greatest  importance  in  ascertaining 
the  possibility  of  establishing  such  cultures. 

It  may  also  be  added  that  the  salt  water  limits  of  wild  rice  may  be 
determined  approximately  by  the  simple  test  of  taste.  When  water  is 
appreciably  salty  to  the  taste  it  is  too  salty  for  the  successful  growth  of 
this  plant. 

Ttd)le  shomng  the  relation  between  the  readings  of  the  tegting  cell  uted  in  the 
above  tuTveyg  and  the  parts  of  a  normal,  and  the  percentage  by  weight  solutiont 
of  sodium  ehlorid;  alto  the  relation  of  these  concentrations  to  the  growth  of 
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EXTERMINATION  OF  JOHNSON  GRASS.' 


IHTBODnCnON. 

On  account  of  the  import«noe  of  the  subject  to  the  farmers  of  the 
South  the  following  notes  giving  results  of  certain  teats  of  methods  of 
exterminating  Johnson  grass  are  publiahed  in  advance  of  the  comple- 
tion of  the  experiments  undertaken.  The  complete  investigations 
include  not  only  a  test  of  varioas  cultural  methods  for  the  extermina- 
tion of  this  pest,  but  also  the  use  of  various  chemical  preparations  for 
this  purpose,  including  such  materials  as  crude  petroleum  (which  is 
obtainable  at  very  low  prices  in  parts  of  the  Johnson  grass  country) 
and  various  mixtures  containing  arsenic.  The  complete  success  of 
some  of  the  cultural  methods  used  in  the  experiments  renders  it 
important  that  they  should  he  made  available  to  the  public  at  once. 
These  methods  are  practicable  on  cultivated  land,  but  do  not  apply  to 
fence  rows,  ditch  banks,  nor  railway  rights  of  way.  It  is  hoped  that 
effective  methods  of  controlling  or  even  of  eradicating  Johnson  gi-ass 
in  the  latter  situations  uiay  also  be  developed. 

The  cultural  tests  here  reported  were  ciindueted  by  the  writer  on  the 
farm  of  Mr.  J.  B.  Gay,  of  Columbus,  Tex.,  and  acknowledgment  is 
made  of  the  very  faithful  manner  in  which  Mr.  Gay  has  carried  out 
instructions  in  connection  with  the  conduct  of  the  experiments. 
Three  somewhat  different  methods  of  handling  the  soil  were  tested. 
The  preliminary  treatment  of  the  soil  was  the  same  in  each  case,  vari- 
ation in  the  methods  occurring  in  connection  with  the  different  crop- 
ping systems  followed  on  the  different  plats. 

"Johnson  gnsi  is  probably  the  iiKM't  troiiblesoiue  wceil  in  tlie  Soiilheni  StMten. 
In  th«-  autumn  of  1902  inve^tigatinne  were  betiiin  with  a  view  to  ilevislni;  [iractical 
meaiiD  of  eradicating  it.  These  investigations  are  still  in  progresa,  but  the  very  <lefi- 
nile  resiilta  thus  tar  secured  on  one  phase  of  the  problem,  tojjether  with  the  urgent 
need  of  information  on  the  snbject,  seem  to  justify  the  jiiiblicatioii  b(  the  data 
already  at  hand.  The  method,  the  results  of  which  are  eontaiiieil  in  this  iiB|>er,  is 
applicable  only  to  open  lields.  Methoile  of  dealing  with  this  pest  iti  roadwayi<,  on 
ditch  banks,  amijalosg  the  rights  of  way  of  railroads  will  be  iliscusKeil  in  a  later 
publication, 

W.  J.   Sl"lLLM*.\,  AgnMologigl. 

Office  of  Graw  a.-ju  FonAnc  Plant  IxvoTiii.iTioNs, 

l\'.i^l,h-jlon,  1).  C,  .Vfire/i  77,  ;;«).■;. 
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CHARAOTEB  OF  TKB  BOIL. 

The  land  on  which  these  experimenU  were  conducted  consisted 
partly  of  heavy,  dark-colored  uUiivtal  soil,  inclined  to  be  wet.  The 
south  end  of  the  plats  extended  to  a  lighter  type  of  soil  of  medium 
character.  The  results  were  practically  the  same  on  the  two  types  of 
soil.  This  land  had  been  abandoned  to  Johnson  grass  for  some  years 
and  was  in  the  middle  of  a  large  field  which  was  badly  infest«d  and  in 
which  cotton  had  been  grown  for  Bonie  years.  At  the  time  these 
experiments  were  undertaken  it  was  believed  by  many  that  the  eradi- 
cation of  Johnson  giuss  i.s  impracticable  on  account  of  the  cost;  but 
i  that  time  the  writer  has  learned  of  many  farmers  who  have  com- 
pletely rid  their  farms  of  this  pest  by  methods 
quite  i<imilar  to  those  used  in  these  experiments. 
Methods  radically  different  from  these  have  also 
been  reported  to  be  completely  successful,  though 
the  writer  has  no  personal  knowledge  to  substan- 
tiate the  claims  made  for  the  varioas  methods. 

HETBODS   OP  TTtTB  A  TMTITfT 

The  various  methods  of  treatment  will  l)e  con- 
sidered in  the  order  of  their  effectiveness.  Fig- 
ure 1  shows  a  diagram  of  the  plats  upon  which 
the  experiments  were  conducted.  The  general 
plan  of  the  experiments  was  as  follows:  Plats 
1  and  •!  were  devoted  to  rye  and  barley,  respec- 
tively, during  the  winter,  cowpeas  the  tir.st  sum- 
mer, cerejils  again  the  next  winter,  and  cotton 
the  second  summer.  Plat  3  was  devoted  to  cot- 
ton both  years.  Pint  4  was  left  bare  the  iii-st 
year  and  devoted  to  cotton  the  second  year.  The 
experi-  triangular  plat  on  the  east  side  of  the  tield,  plat 
mciiiHi  pmis  oil  the  inrni  oi    5  J,,  (.(jg  diagram,  was  left  in  Johnson  grass  for 

Mr.J.B.i;iiv,Coluinbu.,rcx.        ,  ,  ,  ^  ,  *" 

the  sake  of  comparison. 
The  preliminary  treatment  of  plats  1,  2,  3,  and  4  was  identical  and 
was  as  follows:  In  August,  1902,  these  plats  were  plowed  with  a  disk 
plow  to  a  depth  of  4  or  ,5  inches.  At  this  time  the  ground  was  dry 
and  hard  and  a  considerable  {fi-owth  of  Johnson  grass  on  the  plats  was 
turned  under.  On  September  2,  no  rain  having  intervened,  an 
attempt  was  made  to  remove  the  Johnson  grass  rootstocks  from  the 
ground  by  means  of  the  implement  shown  in  figure  2,  here  called  a  root 
digger,  but  called  by  the  manufacturers  a  grass  hoe.  On  account  of 
the  cloddy  condition  of  the  soil  the  root  digger  failed  to  do  satisfac- 
tory work.  On  the  15th  and  Itith  of  October,  after  the  land  had 
receiveil  sufficient  rain  to  put  it  in  good  condition,  it  was  rcplowed 
with  a  two-horse  turning  plow  to  a  depth  of  about  4   inches,  the 
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utmoist  care  being  used  to  cut  and  turn  every  inch  of  »oil  in  order  that 
no  Johnson  grasii  roots  might  remain  uneut.  Thi.s  plowing  left  the 
land  in  excellent  condition.  On  the  next  day  the  root  digj^er  was 
used  on  this  land,  first  cros-swise  of  the  furrows  and  then  lengthwise. 
It  is  estimated  that  this  operation  removed  fully  90  per  cent  of  the 
Johnson  gru-ss  roots  from  the  soil  and  left  them  on  the  surface.  They 
were  then  raked  off  with  an  ordinary  horse  rake  and  removed  from 
the  land.  On  October  20,  plat  1  was  sown  to  rye  and  plat  2  to  barley, 
plats  8  and  4  being  left  bare  during  the  winter.  The  winter  .season 
proved  to  be  very  wet  and  neither  the  rye  nor  the  barley  made  suffi- 
cient growth  to  justify  cutting  for  hay  in  the  spring.  On  April  7, 
1!^03,  all  four  of  these  plats  were  plowed  again  with  a  two-horse  turn- 
ing plow,  the  rye  and  barley  on  plats  1  and  2  Iwing  turned  under. 

The  treatment  given  each  of  the  plats  will  now  be  taken  up  sep- 
arately. As  the  treatment  given  plat  4  resulted  in  the  complete 
eradication  of  the 
grass,  that  will  be 
described  first. 

As  previou;sly 
stated  plat  4  had 
been  plowed  twice 
the  previous  au- 
tumn and  ti-eated 
twice  with  the  root 
digger.  It  was 
again  plowed  on 
April  7.  On  May  4 
a  drag  harrow  was      P'°-^-R'»'^'«(«'1'^"<'1«™»''^"«^|"  ""'"P-rimenK 

run  over  it.  On  May  18  it  was  run  over  with  an  ordinary  heel-scrape, 
or  heel-sweep,  as  it  is  called  in  many  parts  of  the  South.  The  imple- 
ment used  is  shown  in  figure  3.  an  implement  which  shaves  off  an  inch 
or  two  of  the  surface  of  the  ;*oil.  The  ground  was  harrowed  again  with 
an  ordinary  drag  harrow  the  same  day.  The  heel-scrape  was  run  over 
the  land  again  on  July  17 and  again  on  August  31.  After  that  date  no 
Johnson  gmss  appeared  on  this  plat.  The  subsequent  treatment  of  the 
plat  consisted  of  harrowing,  on  October  26,  merely  to  smooth  the  surface. 

In  November,  19i>3,  when  the  writer  visited  these  plats,  there  was 
not  a  sprig  of  Johnson  grass  on  plat  4,  and  Mr.  Gay  stated  that  none  had 
appeared  since  the  last  of  August.  Plate  I,  figure  1,  shows  the  appear- 
ance of  this  plat  on  November  24,  1903,  just  after  it  had  been  laid  off 
for  cabbages.  To  the  right  of  the  plat  will  be  seen  the  original 
Johnson  gra'^s  sod,  while  to  the  left  is  the  cotton  grown  on  plat  3 
during  the  summer  of  1903.  The  gmss  roots  shown  are  those  of  Col- 
orado grass  and  not  of  Johnson  grass. 

On  account  of  the  unfavoralde  season,  cabbages  were  not  planted 
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on  plat  4,  as  contemplated  in  1903,  and  the  plat  remained  bare  duvinj; 
the  winter.  During  the  i^ummer  of  1304  this  plat  was  devoted  to 
cotton.  It  was  plowed  on  March  29  with  an  ordinary  turning  plow 
and  Gottoawas  planted  the  same  day.  This  cotton  was  cultivated  with 
the  heel-sweep  on  April  20,  at  which  time  about  half  a  dozen  sprigs  of 
Johnson  grass  were  found  along  the  eastern  margin  next  the  Johnson 
grass  sod.  On  May  24  the  heel-scrape  was  again  used,  on  June  Iti 
the  cotton  was  chopped,  on  June  26  it  was  plowed  i^ain  with  the 
scrape,  the  final  cultivation  with  the  sci'ape  being  made  on  July  15. 
The  cotton  on  this  plat  grew  very  rank,  so  much  so,  in  fact,,  that  it 
shed  a  great  many  of  its  bolis.  In  addition,  the  boll  weevil  destroyed 
a  very  large  portion  of  the  crop  so  that  the  ^ield  of  cotton  was  only 
one-fourth  of  a  bale  per  acre.  Plate  I,  figure  2,  shows  the  condition  of 
this  plat  on  AuguRit  29,  1WJ4.  just  two  years  from  the  time  the  experi- 
ments l)egau.  It  is  seen  that  the  growth  of  the  cotton  was  very  rank, 
no  Johnson  grass  being 
present.  As  hereto- 
fore stated,  there  were 
a  few  sprigs  of  John- 
son grass  on  this  plat, 
but  they  were  along  the 
east  side,  adjacent  to 
the  Johnson  grass  sod, 
and  were  prolmbly  due 
to  invading  roots  from 
the  old  sod. 

It  will  be  seen  that 

Fro. »,— Slock,  winishcivpl  point  «iiillieel-"WeepKUBrhetl.  ,,  -   ,.         ■ 

the  summer- fallowing 


given  this  plat  during  the  summer  of  1903,  added  to  the  work  of  the 
root  digger  in  the  autumn  of  1902.  completely  exterminated  the  gi-ass 
by  the  last  of  August.  The  number  of  cultivations  given  this  plat 
during  1903  include<l  one  plowing  with  the  turning  plow  in  the  spring 
and  the  use  of  the  heel-scrape  onQe  in  the  middle  of  May.  again  the 
middle  of  July,  and  again  the  last  of  August.  It  would,  of  course, 
l>e  impracticable  for  a  farmer  to  treat  his  whole  farm  by  this  method 
during  a  single  season.  The  method,  however,  is  entirely  pi-acticable 
if  a  small  portion  of  the  farm  is  treated  each  year  and  great  care  used 
not  to  allow  Johnson  gmss  to  start  again  from  seed  on  the  ]x»rtion  of 
the  farm  that  has  already  been  cleared. 

The  next  most  suc<.-es.-iful  treatment  was  that  given  plat  H.  The 
roots  were  dug  on  this  plat  in  the  autumn  of  1902,  just  as  on  plat  4, 
and  plat  3  remained  bare  during  the  winter.  In  the  summer  of  1903 
this  plat  was  dcvotetl  to  cotton.  The  land  was  plowed  with  a  two- 
horse  turning  plow  on  April  7.  On  May  4  a  drag  harrow  was  run 
over  it,  and  on  May  18  it  was  planted  to  cotton.     The  cotton  was 

DigiMzedbyGoOglC 


METHODS   OF   TREATMENT.  11 

chopped  first  on  June  ^5,  and  was  cultivated  with  the  heel-acrape  on 
June  26  and  again  on  July  15.  It  was  chopped  again  on  July  23  and 
August  17.  The  Ia.st  cultivation  with  the  scrape  was  given  on  August 
31.  Although  the  weevil  was  very  Imd,  the  yield  of  cotton  waa  one- 
third  of  a  bale  i>er  acre.  Plate  II,  figure  1,  shows  the  condition  of  thi»t 
plat  on  November  24.  The  name  plat  was  devoted  to  cotton  again 
during  the  summer  of  lt>04,  and  no  more  Johnson  grass  was  vit*ible 
than  may  be  seen  in  Flate  I,  figure  1,  from  a  photograph  taken  the  year 
before.  On  thii^  plat,  in  addition  to  the  cultivation  above  mentioned, 
buncbea  of  Johnson  grass,  as  they  appeared,  were  removed  by  hand 
before  the  growth  ha<l  reached  a  height  of  6  inches.  This  was  very 
easy,  since  all  of  the  sprouts  that  came  were  either  from  seed  or  from 
short  pieces  of  roots  left  in  the  soil  by  the  root  digger. 

From  the  experience  with  this  plat  it  seems  that  it  would  be  entirely 
feasible  to  eradicate  Johnson  grass  completely  in  a  single  year  in  the 
following  manner:  First,  in  the  autumn,  at  a  time  when  the  land  is  in 
good  condition  to  cultivate,  plow  to  a  moderate  depth  with  a  turning 
plow,  being  careful  to  cut  and  turn  every  inch  of  soil.  A  good  disk 
plow  HO  set  as  to  cut  every  inch  of  the  soil  would  answer  as  well. 
Harrow  the  land  immediately  so  as  to  get  it  smooth  and  well  pulver- 
ized. It  is  perfectly  useless  to  try  to  use  the  root  digger  unless  the 
land  is  brought  into  excellent  condition  and  is  free  from  clods.  The 
next  treatment  is  to  run  over  the  land  with  some  implement  which  acts 
on  the  same  principle  as  the  root  digger  shown  in  figure  2.  First,  run 
crosswise  of  the  furrows  and  then  lengthwise.  The  roots  left  on  the 
surface  by  this  treatment  may  either  be  removed  from  the  field  or  left 
to  decay  during  the  winter.  In  the  spring,  plow  the  land  again  with 
the  turning  plow  and  then  put  it  in  cotton  in  the  usual  way  and  give 
the  cotton  ordinary  good  tillage.  Pay  no  attention  to  the  Johnson 
grass  until  the  first  sprigs  get  to  be  about  6  inches  high,  then  go  care- 
fully over  the  land  and  pull  out  every  bunch  of  Johnson  grass  visible. 
By  doing  this  work  carefully  it  will  be  possible  to  remove  every 
sprig,  root  and  branch,  because  the  grass  sprouts  come  from  small 
loose  pieces  of  roots  in  the  soil.  By  repeating  this  operation,  never 
allowing  a  sprig  to  get  more  than  t!  inches  high,  the  grass  can  be  com- 
pletely eradicated  during  the  summer,  and  the  amount  of  labor 
required  will  not  be  excessive.  We  have  found  that  the  treatment 
given  in  the  autumn  by  the  root  digger  leaves  compai-atively  little  to 
be  done  the  next  summer.  This  is  probably  the  most  practical  metliod 
for  eradicating  the  grass  on  cotton  farms.  Similar  methods  could  be 
pursued  in  a  cornfield,  but  the  averse  farmer  in  the  South  will  not 
give  a  comlield  the  attention  given  a  cotton  field.  It  is  therefore  rec- 
ommended that  where  this  method  is  used  for  exterminating  Johnson 
grass,  cotton  be  grown  the  summer  after  the  root  digger  is  used  in  the 
autumn. 
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Very  good  results  could  doubtless  be  obtained  by  using  the  root 
digger  on  W6U-prep:ired  land  in  the  spring  instead  of  in  the  autumn, 
but  if  the  work  in  done  in  the  autumn  the  cold  weather  of  winter 
will  kill  a  large  number  of  roots  that  would  otherwise  remain  to  be 
destroyed  by  hand  work  the  next  sunmier. 

The  treatment  given  plats  1  and  2  was  not  a-*  successful  as  that 
given  plats  3  and  4,  yet  very  good  results  were  obtained.  As  already 
stated,  these  two  plats  were  treated  with  the  root  digger  in  the  autumn 
of  1902,  and  were  then  sown  to  winter  grain.  The  next  summer  they 
were  cultivated  in  cowpeaa,  no  particular  attention  being  given  to  the 
grass.  The  next  winter  they  were  again  devoted  to  winter  grain, 
while  the  next  summer— that  is,  the  summer  of  lft04 — they  were" 
planted  in  cotton.  Plate  II,  figure  2,  shows  the  condition  of  these  two 
plats  on  August  29, 1904,  two  years  after  the  treatment  began.  When 
it  is  considered  that  this  land  was  pure  Johnson  grass  sod  at  the  begin- 
ning, it  will  be  seen  that  jifter  two  years,  with  no  special  treatment 
except  the  use  of  the  root  digger  the  first  autumn,  the  land  was  com- 
paratively free  from  grass;  iu  fact,  there  was  not  enough  grass  to 
interfere  in  the  slightest  with  the  production  of  the  cotton  crop.  Plate 
III  shows  the  condition  of  the  cotton  crop  of  one  of  Mr.  Gay"s  ten- 
ants a  few  yards  from  these  plats.  A  careful  study  of  the  picture 
will  show  a  few  stalks  of  cotton  among  the  Johnson  grass.  This  pic- 
ture could  be  duplicated  on  many  other  farms  oh  the  Colorado  River, 
in  the  vicinity  of  Columbus,  Tex.  The  principal  difference  in  the 
treatment  given  the  crop  shown  in  Plate  III  and  that  shown  in  Plate 
II,  figure  1.  was  in  the  use  of  the  root  digger  the  autunm  previous. 

ZUFLEUENTS  USED. 

While  the  implement  shown  in  figure  2  removes  Johnson  grass  roots 
from  well-prepared  soil  very  effectively,  the  implement  itself  is  an 
impmcticable  one.  In  the  first  place  it  is  too  small,  and  it  therefore 
requires  too  much  labor  to  treat  the  land.  In  the  second  place  the 
teeth  soon  clog  with  the  roots  and  it  is  necessary  to  stop  and  raise  the 
implement  high  enough  to  allow  the  roots  to  drop  off  and  then  start 
the  team  and  hold  the  implement  in  the  air  until  it  lias  passed  over  the 
pile  of  roots.  For  the  past  year  most  of  our  energies  have  been 
directed  to  securing  a  more  satisfactory  implement  for  removing  the 
roots  from  the  soil.  We  have  found  that  the  teeth  of  the  implement 
miist  be  close  enough  together  not  to  leave  a  space  o\cr  3  inches  wide 
between  the  tracks  of  the  teeth.  At  the  same  time,  when  these  teeth 
are  all  placed  in  one  row,  they  Imnk  up  the  -soil  in  front  of  them  and 
do  not  allow  the  implement  to  pass  through  properly.  On  loose,  sandy 
soil  the  teeth  in  the  same  row  nmst  be  at  least  6  inches  apart;  on  ordinary 
loam  .-ioil,  9  inches;  and  it  is  probable  that  on  heavy  clay  soil  they  would 
have  to  be  a  foot  apart.     From  plans  furnished  by  Mr.  (iay  the  imple- 
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ment  shown  in  figure  4  was  const rurted.  This  implement  has  two  rows 
of  teeth  WKett)  at  when  viewed  from  the  reur  tlie  teeth  are  only  4^  inches 
apart,  but  it  did  not  remove  the  roots  from  the  soil  nearly  wo  completely 
as  did  the  gra.s«  hoe  (tig.  2).  We  are  now  constructing  a  new  form  of 
the  implement  sh<)wn  in  figure  4,  having  three  rows  of  teeth,  those  in 
the  same  row  being  1)  inches  apart,  and  the  rows  so  set  that  the  teeth 
make  tracks  onl}'  3  inches  apart.  As  soon  as  a  practicable  implement 
hiis  been  evolved  the  details  of  its  construction  will  be  made  public. 
The  roots  collected  bj-  the  teeth  of  the  root  digger  are  easily  dumped 
by  tilting  the  implement  on  end,  lirst  one  way  and  then  the  other. 
The  tilting  may  be  done  by  means  of  the  handles  without  stopping 
the  team. 

In  the  course  of  these  investigatiouM  several  different  types  of 
machines  have  Ix-en  constructed  and  tried.  One  of  these  was  con- 
structed on  the  prin- 
ciple of  the  ordinary 
sulky  hayrake.  but 
having  rigid  steel 
teeth  so  set  as  to 
draw  into  the  loose 
soil  about  4  inches 
deep.  The  amount 
of  labor  involved  in 
working  this  ma- 
chine seems  to  ren- 
derit  impracticable; 
besides,  it  would  be  quite  expensive.  We  are  endeavoring  to  evolve 
an  implement  that  can  Ik*  constructed  by  any  local  smith.  It  is  proba- 
ble that  a  heavy  drag  harrow  could  l>e  nmde  to  take  the  place  of  a 
root  digger  such  as  that  used  in  these  e-\perimentM.  While  it  would 
not  remove  the  root'*  from  the  soil  so  completely  as  the  root  digger 
and  would  tbcrefoiv  leave  more  hand  work  to  be  done  the  next  sum- 
mer, nevertheless  it  is  Iwlieved  it  would  lie  practicable  to  eiadicate 
Johnson  grass  in  this  manner. 

It  is  of  course  well  known  that  Johnson  grass  can  be  ei-adicated  by 
repeatedly  plowing  the  laud  with  a  disk  plow  or  a  turning  plow,  but 
repeated  plowing  without  the  production  of  a  crop  is  an  expensive 
method  of  destroying  the  jjest.  By  plowing  in  winter,  thns  leaving  a 
large  proportion  of  the  routs  exposed  to  cold  weather,  the  stand  of 
the  gi-ass  can  be  reiUiced  very  materially. 

THE  FBODUCnON  OF  HAT. 

It  is  the  writer's  I>elief  that,  with  the  adoption  of  thoroughly  mod- 
ern methods  of  tillage  throughout  the  Johnson  gi^ass  region,  it  may 
become  practicable  to  utilize  this  grsiss  for  the  production  of  Iiay 
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without  serious  interference  with  the  cultivation  of  other  crops.  Fall 
plowing,  treatment  with  a  root  digger,  or  perhaps  with  a  heavy  spike- 
tooth  harrow,  combined  with  more  or  Ies8  hand  pulling  the  next 
season,  wilt  so  reduce  the  stand  of  grass  that  it  will  be  several  years 
before  it  will  i^in  seriously  interfere  with  the  production  of  culti- 
vated crops.  The  land  can  then  be  allowed  to  go  back  to  Johnson 
grass  for  two  or  three  years  for  the  purpose  of  hay  production,  thus 
adapting  it  to  a  rotation  of  five  or  six  years.  The  writer,  however, 
would  not  advise  any  farmer  to  sow  Johnson  grass  on  land  that  is 
free  from  it  until  more  is  known  about  methods  of  controlling  it.  It 
is  very  unfortunate  that  a  grass  which  will  produce  three  good  crops 
of  hay  in  an  ordinary  season  should  be  so  bard  to  control  as  to  render 
it  a  very  serious  pest. 
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INOCULATION  OF  SOIL  WITH  NITROGEN- 
FIXING  BACTERIA. 


ZNTBODUonOH. 

The  publicatioD  of  the  results  obtained  with  pnre  cultures  in  inocu- 
lating l^nmlDous  plants  has  resulted  in  a  very  great  demand  being 
made  upon  the  Department  of  Agriculture  for  inoculating  material. 
The  distribntion  m&Ae  during  1904  was  for  the  purpose  of  obtaining  a 
large  number  of  tests  of  the  method  under  average  farm  conditions, 
and  it  was  impossible  to  anticipate  the  demand  which  has  arisen  this 
spring  (1905),  the  total  quantity  prepared  for  spring  distribution 
having  been  promised  early  in  February.  It  is  expected,  however, 
that  this  fall  and  next  spring  a,  further  distribution  will  be  made  as  far 
as  our  limited  facilities  will  permit.  Statements  to  the  effect  tiiat  the 
Department  has  stopped  the  distribution  of  these  cultures  are  therefore 
erroneous.  Applications  for  future  distributions  should  state  what 
legume  is  to  be  sown,  time  of  sowing,  and  quantity  of  seed  to  be  treated. 

TUB  OOmiSBOIAIi  raODTTCTIOD'  OP  OULTUUBS. 

The  patent  which  the  Department  of  Agriculture  holds  upon  the 
method  of  growing  and  distributing  these  organisms  was  taken  out  in 
such  a  way  that  no  one  can  maintain  a  monopoly  of  the  manufacture 
of  such  cultures.  It  is  held  in  the  name  of  Dr.  George  T.  Moore, 
who  developed  and  perfected  the  method,  as  described  in  former 
publications.  Upon  application  the  Department  furnishes  without 
discrimination  all  necessary  information,  and  as  far  as  possible  *'  start- 
ing" or  foundation  cultures,  to  tiie  bacteriologists  representing  experi- 
ment stations  and  commercial  concerns  which  claim  to  be  properly 
equipped,  but  it  does  not  in  any  way  guarantee  their  product.  It  is 
not  likely  that  persons  without  expert  knowledge  can  successfully 
multiply  cultures  of  these  organisms  for  sale  or  distribution,  and  it 
is  understood  that  any  cultures  furnished  are  to  be  treated  according 
to  the  methods  devised  by  the  Department. 


4  NITBOQEN-FIXING    BACTEBIA. 

Before  experimenting  with  any  bacterial  preparations  for  legumes, 
the  farmer  should  study  thoroughly  the  soil  coaditions  under  which 
the  use  of  cultures  offers  any  possibility  of  gain." 

Briefly,  these  conditions  may  be  summed  up  as  follows: 

WHEN  ZNOOUZiATIOH  IB  HXOSSSAST. 

Inoculation  is  necessary — 

(1)  On  a  soil  low  in  organic  matter  that  has  not  previously  borne 
leguminous  crops. 

(2)  If  the  legumes  previously  grown  on  the  same  land  were  devoid 
of  nodules,  or  "  nitrogen  knots,"  showing  the  need  for  supplying  the 
nodule-forming  bacteria. 

^3)  When  the  legume  to  be  sown  belongs  to  a  species  not  closely 
related  to  one  previouiily  grown  on  the  same  soil.  For  instance,  soil 
in  which  red  clover  forms  nodules  will  often  fail  to  produce  nodules 
on  alfalfa  when  sown  with  alfalfa  for  the  first  time. 

WHBN  nrOCULATIOir  HAT  PBOTX  ASVAHTAaBOUB. 

Inoculation  may  prove  advantageous — 

(1)  When  the  soil  produces  a  sickly  growth  of  l^umes,  even  though 
their  roots  show  some  nodules. 

If  the  cultures  introduced  are  of  the  highest  virility,  their  use  will 
often  result  in  a  more  vigorous  growth. 

(3)  When  a  leguminous  crop  already  sown  has  made  a  stand,  but 
gives  evidence  of  failing,  due  to  the  absence  of  root  nodules. 

The  use  of  the  culture  liquid  as  a  spray  or  by  mixture  with  soil  and 
top-dressing  may  save  the  stand  if  other  conditions  are  favorable. 

WHXir  IirOOVI.ATZON  IB  UHNXOESSAST. 

On  the  other  hand,  inoeulatum  is  wmecesmty  and  offers  little  pros- 
pect  of  gain— 

(1)  Where  the  leguminous  crops  usually  grown  are  producing  up  to 
the  average  and  the  roots  show  nodules  in  normal  abundance. 

Oulturea  of  nitrogen-fixing  hacteria  are  not  to  he  regarded  in  the  light 
of  fertilizers,  increasing  yields  under  all  average  conditions.  They 
do  not  contain  the  nitrogen  itself,  but  the  bacteria  make  it  possible 
for  the  legumes  to  secure  nitrogen  from  the  air  (through  the  forma- 
tion of  root  nodules),  and  where  the  soil  is  already  adequately  supplied 
with  these  bacteria  it  will  not  usually  pay  to  practice  any  form  of 
artificial  inoculation. 

(2)  When  the  soil  is  already  rich  in  nitrogen. 

It  is  neither  necessary  nor  profitable  to  inoculate  a  soil  rich  in  nitro- 
gen when  sowing  legumes.    Mot  only  does  the  available  nitrogen  in 

a  Fall;  described  in  Farmers'  Bulletin  No.  214  of  the  Department  of  Agriculture^ 
which  wiU  be  sent  withoat  cost  upon  applicaUon  to  the  Secretary  ol  Agriculture. 
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the  soil  render  the  formation  of  nodules  less  necessary,  but  nitrofrenous 
materials  in  the  soil  largely  prevent  the  bacteria  from  forming  nodules. 
Any  increased  virility  in  nitrogen-fixing  power  possessed  by  any 
types  of  bacteria  yet  distributed  may  be  rapidly  lost  in  a  soil  contain- 
ing an  abundance  of  nitrogen,  because  the  bacteria  are  rapidly  multi- 
plying in  a  medium  in  which  there  is  no  premium  on  vigor  in  securing 
atmospheric  nitrogen. 

WHEir  TAUJJBJl  IB  TO  BX  BXPSOTXB. 

Inoculation  will  fail  where  other  conditions  (aside  from  the  need  of 
bacteria)  are  not  taken  into  accoutit,  as  the  following: 

(1)  In  soil  that  is  acid  and  in  need  of  lime. 

Liming  to  correct  acidity  is  as  important  for  the  proper  activity  of 
the  bacteria  as  for  the  growth  of  the  plants. 

(2)  In  soil  that  responds  in  a  marked  way  to  fertilizers,  such  as 
potash,  phosphoric  acid,  or  lime. 

The  activity  of  the  bacteria  in  securing  nitrogen  from  the  air  and 
rendering  it  available  to  the  legumes  does  not  do  away  with  the  need 
for  such  fertilizing  elements  as  potash  and  phosphorus. 

(3)  It  must  also  be  remembered  that  inoculaiwn  does  not  ''"'act  like 
magic; "  it  will  not  overcome  results  due  to  bad  seed,  improper 
preparation  and  cultivation  of  ground,  and  decidedly  adverse  condi- 
tions of  weather  or  climate. 

In  the  use  of  cultures,  also,  failure  is  almost  certain  where  the  direc- 
tions are  not  carefully  studied  and  intelligently  followed, 

(4)  As  the  physics,  the  chemistry,  and  the  biology  of  soils  are 
studied  in  the  laboratory  and  by  means  of  actual  field-plot  trials  to 
determine  yield  and  quality  of  crops  and  the  effect  of  one  crop  on  the 
following  crops,  the  very  great  complexity  of  soil  and  farm  manage- 
ment becomes  more  manifest. 

The  value  of  pure-bred  bacteria,  whether  associated  with  the  crop 
or  existing  independently  in  the  soil,  as  is  true  of  fertilizei's,  can  not 
be  predicted  with  certainty  on  any  soil  without  trial.  Success  on  simi- 
lar near-by  lands  may  be  taken  as  good  evidence.  But,  unlike  fer- 
tilizers, bacteria  should  in  time  be  so  inexpensive  that  each  farmer 
can  afford  to  try  them  for  each  leguminous  crop  on  each  field  or  soil 
type  on  his  farm.  The  methods  of  distributing  in  dried  form  and  the 
easy  methods  of  multiplying  on  the  farm  in  sufficient  quantities  to 
inoculate  fields  will  make  it  possible  to  have  ail  fields  inoculated  at  all 
times. 

OOBT   OF   OXTLTURBS. 

The  question  of  the  proper  price  for  the  commercial  product  is  caus- 
ing considerable  inquiry  among  prospective  experimenters  and  is  of 
importance.     The  expenses  which  a  commercial  concern  must  neces- 
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etc,  aside  from  laboratory  assistance  and  clerical  hire,  make  any  com- 
parison with  the  cost  to  the  Government  of  similar  cultui-es  difficult. 
The  statement:  that  the  cultures  coat  but  a  few  cents  an  acre  refers 
only  to  the  raw  materials  which  make  up  the  package.  It  is  more  than 
probable  that  natural  competition  will  considerably  reduce  the  present 
valuation  of  the  commercial  product,  and  the  wisdom  of  patenting 
the  Department's  methods  to  prevent  the  formation  of  a  monopoly  is 
already  demonstrated. 

iNcBBAanro  oxwtubsb. 

We  are  receiving  numerous  requests  from  persons  who  have  secured 
commercial  cultures,  as  well  an  those  sent  out  from  the  Department  of 
Agriculture,  for  information  as  to  the  methods  employed  in  pixMlucing 
a  large  quantity  of  liquid  culture  from  the  dry  culture  secured  as  a 
starter;  that  is,  how  to  make  an  "acre  culture"  do  for  25  or  100 
acres.  Such  methods  will  give  good  results  only  when  special  pre- 
cautions are  taken,  and  on  this  account  have  not  been  generally  recom- 
mended. The  contaminations,  such  as  yeasts,  molds,  etc.,  which  are 
bound  to  occur  to  a  greater  or  less  extent,  are  apt  to  take  possession 
of  the  culture  solution  in  which  the  bacteria  are  being  multiplied,  and 
unless  great  care  is  taken  in  thoroughly  sterilizing  all  utensils  em- 
ployed the  resulting  culture  will  have  no  beneficial  effect.  The  extra 
time  required  to  secure  sufficient  growth  of  bacteria  in  10  gallonti  of 
solution  from  a  dry  culture  originally  intended  to  produce  a  l-gallon 
liquid  culture  makes  the  risk  from  contamination  much  greater  than 
where  the  dry  culture  is  proportioned  in  size  to  the  larger  amount  of 
solution.  If  a  growth  sufficient  to  cloud  the  solution  takes  place 
within  two  days,  the  chances  of  securing  an  efficient  culture  are  much 
better  than  where  a  longer  time  is  taken;  so  that  the  volume  of  solution 
prepared  should  never  exceed  the  actual  requirements  of  the  occasion. 

The  following  directions  are  baaed  on  making  10  gallons  of  liquid 
culture,  sufficient  to  inoculate  20  bushels  of  seed.  By  a  little  compu- 
tation the  directions  may  be  adapted  to  5  gallons  or  to  any  intermedi- 
ate quantities. 

FKBPABINa  AXm  USnTO  THE  CfUUSUMJS  SOItUTIOBT. 

To  prepare  the  culture  solution,  first  select  the  tub,  bucket,  or  other 
vessel  in  which  you  wish  to  grow  the  bacteria.  Clean  and  scald  ii  out 
thoroughly.  For  making  the  culture  solution,  rain  water  that  has 
been  thoroughly  boiled  and  allowed  to  cool  is  best,  though  any  good 
drinking  water  will  answer.  Add  to  10  gallons  of  water  12  ounces  of 
either  brown  or  granulated  (preferably  granulated)  sugar,  li  ounces 
of  potassium  phosphate  (monobasic),  which  can  be  obtained  at  any 
drug  store,  and  one-sixteenth  ounce  (80  grains)  of  m^nesium  sulphate. 
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Stir  until  diBSolved,  tbeo  carefully  open  the  small  package  containing 
Uie  bacteria-laden  cotton  and  drop  t^e  cotton  into  the  solution.  Do 
not  handle  any  more  than  is  abflolutely  necessary.  Cover  the  tub 
with  a  moist,  clean  cloth  to  protect  from  dust,  mold  spores,  eto.  Keep 
in  a  warm  place,  but  never  let  the  temperature  rise  above  blood  heat 
After  twenty-four  hours  add  6  ounces  of  ammonium  phosphate  and 
allow  the  mixture  to  stand  for  another  twenty-four  hours.  The  liquid 
should  now  be  cloudy  and  ready  for  use;  if  sufficient  growtli  has  not 
taken  place  to  bring  about  this  cloudiness,  further  time  should  be 
given,  not  to  exceed  a  few  days. 

To  itutculate  seed. — Use  enough  culture  liquid  to  moisten  the  seed 
thoroughly — about  one-half  of  a  gallon  per  bushel.  This  inoculating 
may  be  done  either  in  a  tub  or  trough,  or  by  sprinkling  the  culture 
liquid  on  the  seed  on  a  clean  floor  and  stirring  and  turning  the  heaps 
of  seed  with  shovels  until  all  are  thoroughly  moistened.  After  inoc- 
ulation the  seed  should  be  spread  out  in  a  clean,  shady  place  untU 
sufficiently  dry  to  handle.  If  planting  ia  not  to  be  done  at  once,  the 
seed  must  be  thoroughly  dried  to  prevent  molding.  In  dry  weather 
about  26  bushels  can  be  dried  in  half  a  day  on  800  square  feet  of  floor 
space.  To  do  this  there  must  be  several  open  windows  or  doors  to 
allow  a  free  circulation  of  air,  and  the  seed  must  be  frequently  stirred 
with  a  lawn  rake.  The  inoculated  seed,  if  thoroughly  dried,  may 
usually  be  kept  without  deterioration  for  several  months. 

To  inoculate  soil. — ^Take  enough  dry  earth  or  sand  so  that  the  solu- 
tion will  merely  moisten  it.  The  soil  should  be  preferably  from  the 
field  to  be  inoculated,  so  a»  to  avoid  spreading  dLseases  or  weeds. 
Mix  thoroughly,  so  that  all  the  particles  of  soil  are  moistened. 
Thoroughly  mix  this  earth  with  four  or  five  times  as  much;  spread 
this  inoculated  soil  thinly  and  evenly  over  the  prepared  ground 
exactly  as  if  spreading  fertilizer.  The  inoculated  soil  should  he  har- 
rowed in  immediately  to  protect  the  bacteria  from  sunlight.  In  using 
this  method  allow  1  gallon  of  the  liquid  culture  to  4  acres  or  less. 

Either  of  the  methods  described  may  be  used,  as  may  be  most 
convenient. 

To  prevent  any  po3aQ>U  dday^  the  necessary  chemicals  should  be 
ordered  in  advance.  If  the  local  druggist  does  not  have  them  in  stock, 
he  can  doubtless  secure  them  within  a  reasonable  time. 

KKEFIHO  OUIjTUKBB  FOK  YUTUILE  TTSK. 

The  question  is  frequently  arising  as  to  th^  possibility  of  the  farm- 
er's  keeping  over  cultures  from  one  year  to  another  by  soaking  up  a 
little  of  the  liquid  culture  in  cotton  and  drying  this  cotton.  I^is  pro- 
posed practice  is  not  to  he  admsed  in  any  case.  Contaminations  take 
place  so  readily,  and  once  started  spread  so  rapidly,  that  for  assured 
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good  results  it  is  absolutely  necessary  to  stai-t  with  a,  pure  culture. 
The  pure  culture,  moreover,  can  only  be  prepared  bj  a  trained  b«c- 
teriol<^ist  with  laboratory  facilities.  These  cultures  in  the  dry  state 
will  keep,  under  ordinary  conditions,  from  six  mouths  to  a  year. 

There  is  an  additional  reason,  fully  as  important,  which  makes  the 
above  method  impracticable.  The  cultivation  of  the  bacteria  for  any 
considerable  length  of  time  in  solutions  containing  ammoniam  salts 
rapidly  lessens  their  infective  power  and  their  ability  to  gather  nitro- 
gen from  the  air,  so  that  transfers  or  new  cultures  made  with  absorb- 
ent cotton  from  the  cultures  prepared  for  field  use  would  contain 
organisms  of  reduced  efficiency.  It  is  partly  owing  to  these  factors 
that  it  is  impracticable  to  distribute  the  bacteria  in  liquid  cultures  and 
maintain  the  requisite  effectiveness. 

In  the  use  of  cultures  for  inoculating  soil  the  farmer  should  be 
guided,  as  in  all  other  matters  pertaining  to  soil  treatment,  by  his  own 
peculiar  needs  and  should  not  give  too  great  weight  to  the  experiences 
of  others  whose  soil  conditions  may  differ  widely.  It  wovld  he  unwise 
to  invest  largely  in  any  new  method  for  increasing  plant  grctoth, 
whether  iacterial  or  of  any  other  nature,  withmit  jyreviously  experi- 
menting in  a  small  way. 

DANOSR  OF  UrOOTILATION  BT  SOU.  TBAITSFER. 

Satisfactory  inoculations  have  been  obtained  by  transferring  soil 
from  old  fields  on  which  the  legume  has  been  grown,  but  experience 
has  shown  that  there  are  dangers  incident  to  such  methods  of  soil 
transfer  which  it  is  wise  to  avoid. 

The  source  of  supply  of  such  soil  should  be  very  definitely  known, 
and  in  no  case  should  soil  be  used  from  fields  which  have  previously 
borne  any  crops  affected  with  a  fungous  disease,  a  bacterial  disease, 
or  with  nematodes.  Where  a  rotation  of  crops  is  practiced,  it  is  often 
difficult  to  make  sure  of  this  factor,  90  that  the  method  of  soil  transfer 
is,  under  average  circumstances,  open  to  suspicion,  if  not  to  positive 
objection.  Numerous  animal  and  plant  parasites  live  in  the  soil  for 
years,  and  are  already  established  in  so  many  localities  that  it  is  mani- 
festly unwise  to  ship  soil  indiscriminately  from  one  portion  of  the 
country  to  another. 

The  bacterial  diseases  of  the  tomato,  potato,  and  eggplant,  and  the 
club-root,  brown-rot,  and  wilt  disease  of  the  cabbage,  all  more  or  less 
widely  distributed,  are  readily  transmitted  in  the  soil;  while  in  the 
South  and  West  there  are  the  wilt  diseases  of  cotton,  melons,  sweet 
potatoes,  cowpeas,  and  Sax,  and  various  nematoid  and  root-rot  diseases 
which  might  easily  become  a  serious  menace  over  areas  much  lai^r 
than  they  now  occupy  if  deliberately  spread  by  the  careless  use  of 
soil  for  inoculation  purposes.  There  are  several  insect  and  fungous 
diseases  of  clover  to  be  avoided,  and  various  diseases  of  beans  and 
peas.     There  is  also  a  disease  of  alfalfa,  the  "leaf  spot,"  which  is 
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csubIq^  dami^  in  some  regioiu.  Theae  are  only  a  few  of  many  dis- 
eases liable  to  be  transmitted  in  soils.  The  farmer  should  therefore 
be  OQ  his  ^uard.  The  danger  from,  such  sources  is  by  no  means 
imaginary.  The  Department  of  Agriculture  has  had  specific  cases  of 
Boch  accidentAl  distribution  reported,  and  if  the  business  of  selling 
floil  for  inoculation  is  made  to  flourish  by  farmers  purchasing  without 
question  "alfalfa  soil,'*  "cowpea  soil,"  etc.,  there  is  every  reason  to 
believe  that  experience  will  demonstrate  the  folly  of  •such  haphazard 
methods. 

Of  scarcely  less  importance  is  the  danger  of  disseminating  noxious 
weeds  and  insect  pests  through  this  plan  of  inoculation  by  means  of 
soils.  Even  though  weeds  may  not  have  been  serious  in  the  first  field, 
the  great  numbers  of  dormant  seeds  requiring  but  a  slight  change  in 
Burroundingti  to  produce  germination  are  always  a  menace.  The  enor- 
mous damage  to  crops  caused  by  introduced  insects  and  weeds  should 
convey  a  warning  and  lead  to  caution.  It  is  not  the  part  of  good 
judgment  to  view  the  risk  as  a  slight  one  justified  by  the  end  in  view. 

PUBX-OUIiT  UUE  izroGm.A!noH. 

The  extensive  experiments  carried  on  by  the  Department  of  Agri- 
culture during  1904  demonstrated  the  fact  that,  by  (he  proper  use  of 
pure  cultures,  the  nodule  bacteria  are  actually  carried  into  the  soil  in 
such  a  way  as  to  form  root  nodules,  and  where  other  conditions  are 
favorable  the  inoculation  thus  brought  about  makes  possible  the 
growth  of  each  legume  in  soils  where  it  bad  previously  failed  from 
the  lack  of  bacteria.  The  original  cultures  used,  however,  must  be 
prepared  with  the  utmost  care  and  with  a  view  to  preserving  and 
increasing  their  natural  power  as  "nitrogen  fixers"  rather  than  merely 
to  make  them  grow  under  favorable  conditions.  The  methods  devised 
in  our  Laboratory  of  Plant  Physiology  are  based  on  well-recognized 
principles  of  plant  breeding  and  selection,  and  mark  a  decided  advance 
in  the  production  of  cultures  for  soil  inoculation.  The  old  pure- 
culture  methods  were  not  effective,  for  reasons  clearly  stated  by 
Dr.  Moore  in  Bulletin  No.  71  of  the  Bureau  of  Plant  Industry  and 
by  Dr.  Moore  and  Mr.  Robinson  in  Farmers'  Bulletin  No.  214. 

The  Department  of  Agriculture  is  continuing  the  work  of  develop- 
ing types  of  the  bacteria  associated  with  leguminous  plants,  which 
will  have  greater  activity,  collecting  from  the  air  more  nitrogen  per 
acre  than  forms  now  common  in  nature  or  available  from  laboratories. 
It  is  desirable  that  similar  investigations  should  be  conducted  with 
reference  to  the  nitrogen-fixing  bacteria  existing  in  the  soil  independ- 
ent of  the  legumes.  Important  steps  have  already  been  taken  along 
this  line,  but  the  very  large  demand  for  cultures  for  leguminous  crops, 
by  consuming  the  time  of  the  laboratory  force,  has  seriously  retarded 
these  investigations  during  the  past  year. 
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The  Department  is  ready  to  cooperate  with  experiment  stations  and 
commercial  finns,  to  give  and  to  receive  suggfestions,  to  test  the  prod- 
uct of  others,  and  to  furnish,  ae  far  as  possible,  cultures  to  be  tested 
in  the  laboratory  and  under  field  conditions. 

There  is  nettling  in  the  nature  of  the  proceaaes  involved  which 
would  prevent  a  competent  bacteriolo^t,  after  some  experience  in 
this  particular  field,  from  producing  cultures  of  as  high  a  grade  as 
those  sent  out  by  the  Department,  and  every  assistance  will  be  given 
to  competent  persons  desiring  to  undertake  the  work. 

A.  F.  Woods, 
Acting  Chief,  Bwreauof  Hant  Industry. 
Approved: 

Jambs  Wilson, 

Secretary  of  Agric^dtvre. 

Washington,  D.  C,  May  6, 1905. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  DePARHEN'T   of  AdBICULTURE, 

Bureau  of  Piant  Industry, 

Office  of  the  Chief, 
Wmhiiifftcm,  D.  (?.,  January  S6,  190o. 
Sir:  I  have  the  honor  to  transmit  herewith  the  m»nu8cript  of  a 
paper  submitted  by  the  Pathologist  and  Phyaiolopist,  entitled  "The 
Development  of  Single-Germ  Beet  Seed,"  by  Dr.  C.  O.  Townsend, 
Pathologist  in  Charge  of  Sugar-Beet  Investigations,  and  Mr.  E.  C. 
Rittue,  Assistant,  Vegetable  Pathological  and  Physiological  Investi- 
gations, and  recommend  its  publication  as  Bulletin  No.  73  of  the  series 
of  this  Bureau, 

The  accompanying  eight  plates  are  necessary  to  a  clear  understand- 
ing of  the  subject  treated  in  the  text. 

Respectfully,  B.  T.  Galudwat, 

Chi^fof/iur'au. 
Hon.  James  Wilson, 

Secretary  of  Agrwuliure. 
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PREFACE. 


Efforts  to  produce  a  single-germ  beet  seed  have  created  oonMidomblc 
interest  among  sugar-beet  growers,  and  numerous  inquirifis  have  been 
received  in  regard  to  the  progress  of  the  undertaking.  It  has  been 
considered  advisable,  therefore,  to  present  at  this  time  a  preliminary 
i-eport  relative  to  this  work,  giving  a  brief  description  of  the  sugar- 
beet  flower,  single  and  multiple  germ  seed  balls,  and  the  methods 
employed  in  carrying  the  work  forward  from  its  inception  two  _vcai>i 
ago  until  the  present  time. 

It  is  encouraging  to  know  that  some  progress  has  been  made  toward 
the  solution  of  this  problem  and  undoubtedly  it  is  only  a  question  of 
time  when  beets  will  be  grown  commercially  from  single-germ  seed. 

Acknowledgment  is  hereby  made  to  Mr.  T.  R.  Cutler,  manager; 
Hon.  George  Austin,  general  agricultural  superintendent,  and  Mr. 
Parley  Austin,  lo(^  agriculturist  for  the  Utah  Sugar  Company,  for 
their  assistance  in  carrying  forward  this  work. 

A.  F.  Wooijs, 
Pathdogixt  and  Phyttiologiitt. 

Office  of  Veqetabu:  Patholooicat 

AND  PHrsioLoarcAL  Invkstiuations, 

Waafungton,  D.  C,  January  W,  1905. 
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THE  DEVELOPMENT  OF  SINGLE-GERM  BEET  SEED. 


nrmoDTTonoN. 

Owing  to  the  importance  that  the  beet-sugar  industry  has  attained 
in  the  United  States,  and  to  the  possibilities  of  the  extension  of  sugar- 
beet  growing  and  beet-sugar  production  in  this  country,  it  is  desir- 
able that  every  effort  be  made  to  improve  to  the  fullest  extent  the 
quality  of  the  beets  and  to  cheapen  in  every  way  possible  the  cultural 
processes  involved  in  sugar-beet  growing,  so  that  the  largest  returns 
per  acre  may  be  obtained  at  a  minimum  cost.  The  first  part  of  this 
proposition — the  improvement  of  the  quality  of  the  beet-depends  to 
a  large  extent  upon  the  propei'  selection  of  l>eets  for  seed  production, 
upon  improved  methods  of  cultivation,  and  upon  the  proper  relation 
of  the  plant  to  soil  and  climate.  The  second  part  of  the  proposition — 
the  cheapening  of  the  cultural  procpsses  relating  to  sugar  beets— may 
be  accomplished  either  by  sltill  acquired  by  practice  in  performing  the 
various  hand  operations  so  that  a  greater  amount  of  work  of  a  given 
kind  may  be  done  in  a  definite  time,  or  by  the  employment  of  labor- 
saving  machinery,  or  by  so  changing  the  beet  or  the  seed  that  certain 
operations  are  no  longer  necessary. 

The  Department  of  Agriculture  has  in  view  the  accomplishment  of 
the  improvements  above  outlined,  and  it  is  believed  that  the  production 
of  single-germ  beet  seeds  on  a  commercial  scale  will  do  much  toward 
reducing  the  cost  of  sugar-beet  production,  and  will  possibly  improve 
the  quality  of  the  beets  in  one  or  more  directions.  It  is  the  purpose 
of  this  preliminary  report  to  show  to  those  interested  in  the  subject 
the  progress  that  has  been  made  in  the  development  of  a  single-germ 
beet  seed  during  the  two  seasons  that  the  work  has  been  under  way. 

Mr.  Truman  G.  Palmer,  secretary  of  the  Beet  Sugar  Manufac- 
turers' Association,'  in  a  contribution  to  the  annual  report  on  the 
progress  of  the  beet-sugar  industry  in  the  United  States "  discusses 
the  advantagas   and   disadvantages  that  would   result  from  the  use 

".See  Pragreae  ol  tlie  Beet-Sugar  Industry  in  the  Unite<l  States  in  1802.— Beport 
No.  74,  United  States  Department  of  Agriculture,  pp.  141-152. 
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of  single-germ  beet  seeds,  and  whild  tho  o)>stactes  in  the  way  of 
employing  single-germ  seeds  on  a  commercial  scale  are  of  sufficient 
importance  to  demand  consideration,  there  is  no  reason  to  suppose 
that  these  obstacles  can  not  be  overcome,  an  Mr.  Palmer  has  suggCMted, 
At  any  rate,  the  only  satisfacrtory  way  to  determine  the  practicability 
of  the  single-germ  seed  for  beet  production  is  to  produce  such  seed  in 
sufficient  quantity  so  that  it  can  be  tested  on  a  commercial  scale  in  com- 
parison with  multiple-seed  balls  under  the  same  conditions  of  soil  and 
climate. 

SINQLE   AND  KTrLTIFLE  OEBH  BEET    SEED. 

Theterm  "seed  ball, "as  applied  to  beet  .seeds,  implies  a  combination 
of  seeds  into  a  mass  having  a  more  or  less  rounded  appearance  (PI, 
I,  A);  hence,  the  term  "  ball" 
can  not  properly  l>e  applied 
to  the  single-germ  l>ect  seed 
(PI.  I,  li).    Each  germ  arises 
from  a  single  floret,  and  when 
the  flowers  are  in  clustei's  of 
two  or  more  (fig.  1)  a  multi- 
ple-germ seed  arises;  where- 
as, if  the  flower  stands  by 
.itself  on  the  stem  (fig.  2)  a  sin- 
gle-germ seed  results.  If  two 
or  more  single  flowers  stand 
very  close  together  but  do 
not  arise  from  the  .same  point 
as  in  the  case  of  flower  clus- 
ters, each  will  produce  a  sin- 
gle-germ seed  (PL  II).    Even 
if  the  flowers  are  so  close  to- 
gether that  the  seeds  slightly 
FTo.  L-ci^ten,  of  cio«d  «na  partly  oi*r,  b«t  flower.,     iidhBre  in  the  proccss  of  de- 
velopment, they  are  easily 
separated  and  readily  distinguished  as  single-germ  seeds  (PI.  Ill,  flower 
^talk  on  right  hand,  end  of  second  branch  at  left).     On  the  other  hand, 
the  component  parts  of  a  multiple-germ  seed  ball  adhere  so  firmly  that 
they  can  not  l)e  separated  by  any  known  process  without  great  danger 
of  injuring  the  germs.     It  appears,  therefore,  that  the  arrangement 
and  distribution  of  the  flowers  on  the  seed  stalk  determine  whether 
the  seeds  are  to  be  single-germ  seeds  or  whether  they  are  to  be  parts 
of  multiple-seed  balls.     One  can  determine  in  practically  all  eases, 
even  before  the  flowers  are  open,  whether  they  will  produce  .single- 
germ  seeds  or  whether  they  will  he  pirfs  of  a  multiple-seed  ball. 
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A  typical  Mingle-genii  (wet  seed  is  a  tive-poiiited  utar  possessing  a 
somewhat  flattened  appearance  (PI.  I,  B),  A«  a  rule,  these  are  easily 
distinguished  from  the  multiple-germ  seed  halls,  as  shown  in  Plate 
I,  A.  Frequently  the  points  of  the  star  are  broken  off,  when  a  more 
careful  examination  is  necessary*  to  determine  whether  the  seed  in 
question  contains  one  or  more  germs.  A  close  examination  of  a  num- 
ber of  these  seeds  and  a  comparison  of  them  with  multiple  seeds  will 
soon  make  the  selection  of  single-germ  seeds  comparatively  easy. 

Theri!  is  a  false  single-germ  set^d  against  which  it  is  necessary  to 
guard  in  making  selection  of  the  single-germ  seeds.  This  false  single- 
germ  seed  arises  usually  from  what  would  have  been  a  double-germ 
seed  {PL  VIII,  fig.  2)  had  not  one  of  the  seeds  failed  to  develop.  A 
more  or  less  clotsc  examination  will  invariably  enable  one  to  determine 
which  is  the  false  and  which  is  the  true  single-germ  seed. 

The  careless  observer  often  makes 
the  mistake  of  supposing  that  tlie 
small  seeds  are  all  single  germs  and 
that  all  multiple  seed -balls  are  large. 
Some  seedsmen  have  made  the  asser- 
tion that  60  per  cent  of  the  seeds 
produced  by  beets  have  single  germs 
and  that  these  seeds  are  sifted  out 
and  discarded  from  the  commercial 
seed.  The  writers  obtained  a  sat'k  of 
the  .siftings  from  a  quantity  of  com- 
mercial I)eet  seed,  as  they  had  been  in- 
formed that  these  siftings  were  com- 
posed of  nearly  all  single- germ  seeds. 
A  careful  examination  of  this  see<l 

was  made  and  the  different  sizes  were 

,  ,  ,    .  ,       .  Flo.  2  —A.  Bingle  betl  Howvr  bud. 

separated  by  means  of  sieves  having 

6, 8, 10, 1'i,  and  14  meshes  per  inch.  (See  PI.  IV,  B  to  G.)  The  results 
are  tabulated  for  convenience  to  show  the  percentage  of  singles  that 
were  caught  in  each  sieve,  while  in  Plate  IV  the  percentage  of  single- 
germ  seed  is  roughly  indicated  by  the  numlier  of  singles  at  the  end  of 
the  second  row  in  each  set.  (See  Table  I,  p.  12.)  A  study  of  this  table 
shows  how  erroneous  is  the  common  impression  with  reference  to  the 
number  of  single-germ  seeds  that  are  present  in  commercial  seed. 
Many  of  the  single-germ  seeds  are  larger  than  many  of  the  multiplc- 
gerra  seeds,  as  shown  by  Plate  IV,  D,  conqMircd  with  singles  shown  in 
groups  A,  B,  and  C.  In  practically  all  conmiercial  seeds  there  are 
a  few  single-germ  seeds,  but  an  examination  of  a  large  quantity  of 
commercial  seed  and  a  study  of  many  seed  beets  in  the  field  show  that 
the  number  of  singles  produced  l»y  the  ordinary  beet-seed  plant  is  very 
small.     (See  Table  III,  p.  22.) 
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Tablk  I. — Penxniage  o/ ginffU-germ  *eed»fT</m  niJHngn. 


PcrecnUiRe  of  BlnKla  gerlDS 8      B.S      H.B      «.S        7.fi 

The  singles  that  rnnmined  in  sieves  of  6  and  fi  me»hes  to  the  inch 
were  of  normal  size  and  well  filled;  those  that  remained  in  the  sieve  of 
10  meshes  were  small  but  well  tilled;  those  left  in  the  12  and  H  niosh 
sieves  were  to  a  great  extent  not  filled  at  all,  while  others  were  simply 
immature  flowers,  and, 
tiikcn  all  together,  they 
constituted  but  the 
small  percentage  of 
7.34 — considerably  less 
than  8  per  cent.  While 
we  have  no  way  of 
determining  what  bulk 
of  the  cleaned  seed 
these  siftings  repre- 
sent, study  of  scedi 
obtained  from  ordi- 
nary beet  plants  leads 
to  the  conchision  that 
they  do  not  represent 
more  than  one  twenty- 
fifth,  or  i  per  cent,  of 

Pla.8.— A  single  boet  flower.  A.  wpal;  B.auiheri  CpteUl.  ^^^   Original     bulk.        if 

this  be  true,  and  on 
an  average  three  seeds  from  the  siftings  are  e<iual  In  weight  and 
bulk  to  one  commercial  seed,  the  following  conclusions  can  t>e  reached: 

PercentaKe  of  Bidgk'fl  in  siftinp"  7.»4  ;  8J  (25*3) 0.H8 

Perceiita({e  of  sinjtles  in  comiiierriHl  seed Htt 

Averatue  pen^entage  of  uin^lee  in  ordinary  seeil 1.84 

This  is  .somewhat  lower  than  the  percentage  of  singles  on  the  plants 
selected  from  the  field  of  oi-dinarysced  beets.  (See  the  second  column 
of  Table  ill,  p.  22.)  It  must  be  remembered  that  the  2,77  per  cent 
given  in  Table  III  is  the  average  of  singles  on  the  ten  best  plants  and 
not  the  average  of  all  the  i»!ants  in  the  field. 

THE  BEET  FIjOWKU. 
The  beet  flower  consists  of  three  sets  of  organs  arranged  in  three 
whorls  (fig.  3).  The  outer  set  is  composed  of  five  green  pai'ts,  called 
.sepals  (fig.  3,  A),  which  are  attached  to  and  form  a  ^nirt  of  the  .leedcoat. 
In  the  early  stages  of  the  flower,  i.  o..  lieforc  it  ojiens.  those  five 
sepals   inclose   and   protect   the  other   parts   of    the   llnwcr  (fig.  4). 
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These  sepab  are  not  united  with  eacb  other  along  the  edges  except 
near  the  bat^e,  so  that  when  the  flower  opens  they  form  a  five-pointed 
star  (fig.  3).  It  is  these  five  sepals  which  form  the  five  points  of 
the  star  when  the  seed  is  ripe  (PI. 
VIII,  fig.  4),  These  parts,  as  well 
as  the  remainder  of  the  seed  coats, 
turn  brown  upon  the  ripening  of 
the  seeds.  The  second  set  of  or- 
gans consists  of  five  stamens,  one 
opposite  each  sepal  (fig.  3,  B).  Each 
stamen  consists  of  a  fine  stalk, 
called  a  filament  (fig.  5,  I)),  and  on 
the  free  end  of  each  filament  is  a 
sack,  called  an  anther  (fig.  3,  B,  and 
fiff-  5)  I*)-  The  anthers  contain 
the  pollen  grains,  a  few  of  which 
much  enlai^d  are  shown  in  figure 
6.     There  are  thousands  of  pollen 

grains  produced  in  each  anther,  and      *''"'  ^"~*  '"*'*  "^^u^i*^' """ '  '^''"'^'^"' 
as  there  are  five  anthers  in  each 

flower  the  pollen  grains  produced  by  each  flower  are  almost  innu- 
merable, and  when  we  consider  that  each  plant  produces  thousands  of 
flowers  we  can  readily  understand  how  it  is  that  the  air  in  and  around 
afield  of  seed  beets  at  flowering  time 
is  filled  with  these  grains. 

The  third  set  of  flower  parts  is  in 
the  center  of  the  flower,  and  is  called 
the  pistil  or  pistils  (fig.  3,  C,  and 
fig.  5,  0).  In  the  beet  flower  the 
pistil  is  composed  of  three  part«,  as 
shown  in  figure  3,  C.  Just  at  the 
time  the  flowers  are  ready  to  open 
completely,  the  pollen  grains  be- 
come ripe,  i.  e.,  they  reach  a  stage 
of  development  when  under  proper 
conditions  of  warmth  and  moisture 
they  will  produce  what  are  called 
pollen  tubes.  At  this  stage  of  the 
development  of  the  pollen  grains  the 
anthers  burst,  allowing  the  grains 
F.O.  a-Heonon  oi  «  B»t  nower.  a,  «p«j;     to  escape.     At  the  same  time  the 

B,aatbei;C.plnll;D.H1amenl;E,ieedgtnn.  ,  ,        .      .,    , 

three-parted  pistil  becomes  sticky 
and  some  of  the  pollen  grains,  carried  either  by  the  wind  or  by  some 
other  agency,  such  as  insects,  fall  upon  the  pistil  and  remain  attached. 
This  transfer  of  pollen  from  the  anthers  to  the  pistil  is  the  process 
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known  &s  pollination.  Under  the  favorable  conditions  already  men- 
tioned pollen  tubein  are  produced  and  grow  down  into  the  lower  part 
of  the  pistil,  where  the  contents  of  a  pollen  tube  unite  with  the  con- 
tent«  of  the  lower  part  of  the  piatil  to  form  the  gferm  which  is  des- 
tined to  produce  the  new  plant  (fig.  5,  E).  This  union  of  the  contents  of 
the  pollen  tube  and  of  the  lower  part  of  the  pistil  is  called  fertilization. 
This  brief  description  of  the  flower  parts  and  their  function  will, 
it  is  hoped,  serve  to  make  clear  the  terms  pollination  and  fertiliza- 
tion, without  some  knowledge  of  which  the  methods  employed  in  our 


Fis.  6.— Pollen  Kralm. 


flower  selection  and  treatment  would  be  meaningless.  It  should  be 
clearly  understood  that  it  is  through  the  union  of  the  contents  of  a 
pollen  tube  with  the  contents  of  the  lower  part  of  a  pistil  that  the  germ 
which  is  to  produce  the  new  plant  is  formed.  The  pollen  grain  thus 
utilized  may  originate  in  the  same  flower  which  it  fertilizes,  or  it  may 
originate  in  one  flower  and  be  transferred  by  some  agency  to  the  pistil 
of  another  flower.  In  the  former  case  we  speak  of  this  process  as 
close-pollination  or  close- fertilization,  as  the  case  may  lie,  while  in  the 
latter  case  we  speak  of  it  as  cross-pollination  or  cross-fertilization. 


GERMINATION    AND   VITALITY.  15 

THE  FIBST  SEED  SELECTION. 

As  soon  aa  the  work  of  producing  aingle-germ  beet  Heed  was  taken 
up,  the  various  methods  by  which  the  desired  resultij  might  be  rejiched 
were  considered  and  the  writers  arrived  at  the  conclusion  that  the  most 
satisfactory  results  could  be  attained  by  the  production  of  a  plant  that 
should  bear  only  single-germ  seeds  rather  than  by  any  process  which 
should  have  for  its  aim  the  separation  of  the  multiple-germ  balls  into 
the  several  seeds  of  which  they  are  composed.  Accordingly,  samples 
of  about  4  pounds  each  of  eight  of  the  leading  varieties  of  commer- 
cial sugar-beet  seeds  were  obtained,  and  all  the  single-germ  seeds 
were  carefully  separated  from  the  multiple-germ  seeds  in  these 
samples.  The  single  and  multiple  germ  seeds  were  counted  and  the 
percentage  of  singles  computed,  whereupon  it  was  found  that  the 
number  of  single-germ  seeds  consisted  of  a  little  less  than  1  per  cent 
(0,96)  of  the  entire  number  of  seeds  in  the  32  pounds  examined.  This 
calculation  does  not  determine  the  percentage  of  single-germ  seeds 
produced  t»y  beets  of  different  varieties,  but  serves  to  show  the  per- 
centage of  single-germ  seeds  that  are  present  in  our  ordinary  commer- 
cial seed  of  the  first  grade.  Subsequent  selections  and  calculations 
along  the  same  line  served  to  confirm  the  results  given  above.  The 
first  single-germ  seeds  selected  were  used  for  two  purposes:  (1)  For 
comparison  in  regard  to  germination  and  vitality  with  multiple-germ 
seeds,  and  (2)  for  the  production  of  seed  beeb^  in  the  greenhouse,  with 
the  hope  of  gaining  one  treason  toward  the  solution  of  the  problem  of 
single-germ  seed  production. 

QBBMINATIOH  AND  VITAIJTT. 

A  comparison  of  the  germination  and  vitality  of  single-germ  seeds 
a^  compared  with  nmltiple-genn  see^ls  is  )>cst  brought  out  b}'  means 
of  Table  II,  which  shows  a  distinct  difference  iu  favor  of  the  single 
germ  seeds. 

Tablb  H.^ComiKiruioii  af  gerniiutUiun. 


Kind  bl  seedj  osed. 
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M  uTtlpre.genii  «e«dH , 
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The  seedlings  from  the  multiple-germ  seeds  were  thinned  as  carefully 
as  possible,  but  the  difference  in  growth  was  distinctly  in  favor  of  the 
plants  produced  from  the  single-germ  seeds,  and  this  difference  held 
good  during  the  growth  of  the  plants.  Further  experiments  of  this 
kind  confirmed  the  results  shown  in  the  table,  viz,  that  the  single- 
19464— So.  73— (6 2 
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germ  seeds  sprout  in  a.  shorter  time  thfto  the  st;eds  in  the  multiple 
balls;  that  the  percentage  of  germination  is  higher,  and  that  the  plants 
produced  from  the  single-germ  seeds  possess  gi'eater  vitality  than  those 
produced  from  multiple-seed  balls.  The  single  and  multiple  germ 
seeds  used  in  these  comparative  experiments  were  taken  from  the 
same  lot  of  commercial  seeds. 

OBXEITHOTTSE  BXFEBXKENTS. 

Several  hundred  plants  from  aingle-germ  seeds  were  started  in  the 
greenhouse  in  December,  1903,  with  the  hope  of  obtaining  a  crop  of 
seed  the  following  summer.  The  plants  made  a  luxuriant  growth  and, 
when  they  had  attained  a  weight  of  from  1  to  2  pounds,  water  wa« 
withheld  and  the  beets  were  left  to  ripen.  After  two  weeks  of  ripen- 
ing, nearly  all  the  beets  were  taken  up  and  siloed.  At  intervals  of 
several  weeks  some  of  the  siloed  beets  were  replanted,  but  the  results 
were  uniformly  negative,  so  far  as  the  production  of  seed  stalks  is 
concerned.  Etherizing  and  other  methods  of  iuduciug  the  plants  to 
produce  seed  stalks  were  resorted  to,  but  likewise  with  negative  results. 
It  was  therefore  necessary  to  depend  upon  field  planting  for  the  first 
crop  of  seed  beets." 

SEED  BEETS  IN  1908. 

In  the  spring  of  1903,  about  four  thousand  single-germ  seeds  were 
selected  from  commercial  seed  of  different  varieties  and  planted  on 
the  Arlington  Experimental  Farm  of  the  Department  of  Agriculture, 
Previous  to  planting,  the  seeds  were  photographed  in  natural  size 
{PI.  I,  B),  and  each  seed  was  given  a  number  which  corresponded  to 
the  number  given  the  plant  after  it  came  up.  The  rows  in  which  the 
seeds  were  planted  were  20  inches  apart  and  the  seeds  were  dropped 
and  covered  by  hand  at  intervals  of  about  10  inches  in  the  row. 
Conditions  for  germination  were  favoi-able  and  fully  90  per  cent  of 
the  seeds  germinated.  Beets  grown  for  another  purpose  in  the  same 
field  from  multiple-germ  seeds  were  planted  with  a  hill  dropper.  The 
stand  in  both  cases  was  aliout  the  same,  but  the  additional  labor 
necessary  to  hand-thin  the  seedlings  from  the  multiple-gcrm  seeds 
wa.s  in  marked  contrast  to  the  rows  planted  with  the  single-germ 
seeds,  where  no  hand-thinning  was  required. 

In  actual  practice  it  is  not  proposed  to  plant  the  single-germ  seeds 
at  intervals  of  S  or  10  inches,  but  rather  2  or  3  inches  a{>art,  so 
that  tho.sc  not  desired  can  l>e  cut  out  with  a  hoc,  and  the  planting 

"The  term  "mother  beet,"'  commonly  applied  to  beela  used  for  seed  production, 
implies  that  the  l)eel  flowers  home  on  the  seed  etalka  poBsesa  only  female  organs, 
while,  Bfl  a  matt^T  fact,  each  flower  beare  both  the  male  and  the  female  organs,  as 
phnwn  ill  figure  3,  page  12.  It  is  therefore  ei^cgeeted  that  in  the  place  of  theexpree- 
Bion  "mother  beet"  the  more  accurals  and  simple  term  "aeed  beet"  be  used. 
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will  be  done  l)y  the  aid  of  a  planter  and  not  by  band.  In  the  experi- 
mental plat  it  was  desired  to  gi\e  every  boot  the  best  pof^siblo 
chance  to  develop  witliuut  destroying  any  of  the  plants.  Unfortu- 
nately for  the  experiment,  a  part  of  the  jfroiind  where  the  single- 
germ  Needs  were  planted  had  been  previously  scalped,  i,  c,  the  sod 
bad  l)een  removed  and  with  it  practically  all  the  fertile  soil.  The 
natural  result  wa:)  that  the  seeds  planted  on  (his  spot  merely  ger- 
minated and  the  seedlings  died  from  starvation.  As  thiH  poor  strip 
of  ground  extended  atiroas  one  end  of  the  rows  only,  most  of  the  plants 
from  each  variety  used  came  to  maturity.  At  the  close  of  the  season 
about  one  thousand  beets  grown  from  the  single-gorm  seeds  were 
selci:^t«d  and  siloed  for  the  next  season's  seed  production. 

BEET  SEED  JS  1803. 

Since  the  production  of  sugar-beet  seed  had  not  been  previously 
undertaken  on  the  Arlington  Farm,  it  was  considered  advisable  to 
plant  a  few  seed  beets  in  the  spring  of  li>i)3,  in  order  to  be  better  pre- 
pared to  deal  with  the  firwt  crop  of  seed  beets  from  single-germ  seeds 
during  the  sea^n  of  inflorescence  in  iy04.  The  two  principal  objects 
in  growing  the  trial  lot  of  seed  lieets  were  (1)  to  determine  whether 
or  not  lieet  seed  could  lie  grown  in  this  locality,  and  (2)  to  give  an 
opportunity  for  .studying  the  arrangement  of  the  single  and  multiple 
flowera  and  their  distribution  on  the  flower  stalks. 

Accordingly  a  number  of  seed  beet«  were  obtained  from  the  New 
York  Experiment  Station  at  Geneva,  through  the  kindness  of  Pro- 
fessor Churchill.  These  beeta  were  received  at  Washington  in  good 
condition  and  were  planted  on  the  Arlington  Farm.  Practically  all 
of  them  developed  seed  stalks,  flowers  were  produced  in  great  abun- 
dance, the  patch  swarmed  with  insects  during  the  flowering  season, 
and  the  weather  seemed  to  be  all  that  could  be  desired  for  the  proper 
pollination  and  fertilization  of  the  flowers;  but  when  the  seed  was 
ripe  it  was  found  upon  close  examination  that  less  than  5  per  cent 
of  the  hulls  contained  germs.  Plate  V  shows  two  types  of  the  seed 
stalks  produced.  For  some  reason  the  seeds  had  failed  to  fill,  and  it 
was  considered  inadvisable  to  undertake  an  experiment  that  depended 
for  its  success  upon  seed  production  in  a  locality  where  the  prolwibili- 
ties  were  that  only  a  very  small  percentage  of  the  seeds  would  fill, 
even  under  the  most  favorable  conditions.  However,  the  flowers  that 
were  produced  upon  these  plants  enabled  us  to  study  their  arrangement 
and  to  consider  the  methods  best  suited  to  the  accomplishment  of 
seed  selection. 

The  first  of  these  plants  to  bloom  (PI.  V,  plant  on  right  hand)  showed 
flowere  thirty-one  days  after  planting,  and  produced  nearly  all  two- 
seeded  balls,  the  ex(«ptions  Iwing  a  few  single-germ  seeds  which  were 
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formed  at  the  intersection  of  the  spikes  (PI.  II),  and  near  the  tips  of  the 
spikelets.  In  fact,  this  arrangement  prevailed  in  all  the  plants,  as  fol- 
lows: On  all  spikes  that  bore  two-seeded  balls  there  were  found  at  the 
bases  of  mostof  the  spikelets  a  two-seeded  ball  on  one  side  at  the  inter- 
seotion  and  a  single-germ  seed  on  the  other  side  (PI.  II),  and  later  in  the 
season  when  these  spikelets  were  farther  advanced  numerous  single- 
germ  seeds  formed  throughout  the  limb,  while  in  a  few  instances  the 
tips  were  thickly  studded  with  singles  for  several  inches.  But  these 
flowei^s  seldom  produced  seeds,  as  they  developed  too  late  in  the  sea- 
son. The  spikes  that  bore  multiples  of  4  or  5  seeded  balls  seldom 
produced  singles  even  at  the  bases  of  the  spikelets,  but  the  spikelets 
invariably  produced  balls  of  fewer  seeds  than  were  found  on  the  main 
spike.  If  the  spikelets  again  divided,  double-seeded  balls  and  single- 
germ  seeds  were  found  at  the  bases  and  sometimes  at  the  tips  of  these 
secondary  spikelets. 

OEAJVGE  OF  LOCATION  OF  EZPEBIUENTa. 

As  soon  as  it  was  found  that  the  production  of  sugar-beet  seed  in 
the  vicinity  of  the  District  of  Columbia  was  very  uncertain  it  became 
essential  to  select  a  suitable  location  for  the  continuation  of  the  work. 
At  this  time  it  became  necessary  for  one  of  the  writers  to  visit  a  lai^e 
number  of  the  sugar-beet  sections  in  connection  with  some  other  beet 
work,  and  while  in  Utah  he  learned  that  sugar-beet  seed  had  been 
grown  by  the  Utah  Sugar  Company  at  Lehi  for  nine  consecutive  years 
without  even  a  partial  failure,  and  that  each  succeeding  year  the  area 
had  been  increased  with  good  results.  This  company  very  cordially 
invited  the  Department  of  Agriculture  te  conduct  its  single-germ  beet- 
seed  work  and  such  other  sugar-beet  experiments  as  it  might  see  fit 
to  make  on  one  of  its  farms  located  near  the  outlet  of  Lake  Utah. 
The  soil  there  is  a  deep  rich  loam  and  is  irrigated  from  warm  springs 
which  supply  an  abundance  of  water.  The  conditions  thus  offered  for 
the  growth  of  sugar  beets  and  for  the  development  of  sugar-beet  seed 
seemed  to  be  all  that  could  be  desired,  and  the  invitation  to  locate  the 
experiments  at  this  point  was  gladly  accepted.  The  results  obtained 
indicate  that  no  misteke  was  made  in  the  selection  of  this  location  for 
the  continuation  of  the  sugar-beet  work. 

FKOORBSS  OF  THE  WOBX  IN  1904. 

PLANTING    AND    GROWTH   OF   THB   SEED   BEBT8. 

In  April,  1904,  several  hundred  seed  beets  were  shipped  to  Lehi  and 
carefully  planted  under  the  supervision  of  the  Utah  Sugar  Company's 
experienced  agriculturist,  Hon.  George  Austin.  Only  two  of  the 
plants  that  were  set  out  failed  to  live  and  less  than  1  per  cent  failed  to 
produce  seed  stalks.     The  beets  were  planted  in  rows  3  feet  apaii.  and 
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the  space  between  the  plants  was  3  feet.  The  seed  stalks  were  numer- 
ous, strong,  and  well  supplied  with  flowers  that  eventually  developed 
well-filled  seeds.  Early  in  June  the  writers  were  notified,  in  accord-, 
ance  with  a  previous  arrangement,  that  the  flowers  were  nearly  ready 
to  open.  Accordingly,  they  left  at  once  for  Lehi,  where  the  flowers 
were  found  in  the  best  possible  conditiou  for  the  work. 

ABKANGEUBNT  OF   SINGLE   FLOWERS. 

The  writers  had  previously  learned  that  the  single  and  multiple 
flowers  were  distributed  over  the  seed  stalks  with  more  or  les^  regu- 
larity (PI.  III).  As  a  rule  the  single  Aowers  destined  to  produce  single- 
germ  seeds  were  located  at  the  joints,  i.  e.,  at  the  points  on  the  stem 
where  the  branching  takes  place.  That  there  is  a  great  difference  in 
seed  stalks  with  reference  to  the  number  of  branche)^  produced  is  shown 
in  Plate  V,  which  illustrates  some  of  the  types  of  seed  stalks  found  in 
fields  of  commercial  seed.  It  is  evident  that  the  seed  .stalks  shown  in 
the  plant  on  the  right-hand  side  of  this  plate  are  much  more  frequently 
branched  than  are  those  shown  in  the  plant  on  the  loft-hand  side,  and 
consequently  have  more  points  at  which  single-germ  seeds  would  natu- 
rally form.  However,  if  single-germ  seeds  were  produced  only  at  the 
bases  of  the  branches  the  total  number  would  be  small  compared  with 
the  number  of  seed  balls  produced  on  the  ordinary  seed  stalks. 

Not  infrequently  on  the  commercial  beet-seed  stalks  single  flowers 
are  found,  and  later  singlc-gcrm  seeds  extending  out  on  the  brunches, 
even  to  the  tips.  This  arrangement  of  the  single-germ  seeds  along 
the  sides  of  the  seed  stalks  was  found  to  be  still  more  common  oti  the 
seed  stalks  produced  by  beets  grown  from  single-germ  seeds  (PI.  III). 
This  is  an  encouraging  indication  of  the  possibility  of  a  plant  pro- 
dncing  single-germ  seeds  on  all  the  branches  throughout  their  entire 
length,  in  which  case  we  would  have  a  plant  producing  only  single- 
germ  seeds  and  at  the  same  time  bearing  seed  in  commercial  quantity. 

METHODS  OF  POLLINATION. 

It  is  entirely  possible  for  single  flowers  to  he  cross-fertilized  with 
pollen  from  flower  clusters  in  the  natural  process  of  fertilization. 
This  would  give  to  the  plant  produced  from  the  single-germ  seed  a 
tendency  to  produce  flower  clusters  and  consequently  multiple-genn 
seeds.  In  order  to  avoid  the  danger  of  contaminating  the  single 
flowers  which  were  selected  for  seed  production  with  the  pollen  of 
multiple-germ  seeds  all  multiple  flowers-were  carefully  trimmed  away 
before  they  were  open  and  before  the  single  flowers  which  were  left 
OD  the  stalks  had  opened.  Plate  YI,  figure  1,  shows  one  of  the  selected 
plants  after  the  multiple  flowei-s  were  removed. 

In  order  to  prevent  the  single  flowers  from  receiving  the  pollen 
that  might  be  floating  in  the  air  from  other  plants,  they  were  covered 
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with  paper  bags,  as  shown  in  Plate  VI,  figure  2.  If  it  was  desired  to 
cross-fertilize  the  single  flowers  they  were  carefully  opened  by  means 
of  a  needle  or  scalpel,  the  anthers  removed  before  the  pollen  was  ripe, 
and  they  were  then  covered  with  the  paper  bags.  It  was  necessary 
to  uncover  the  flowers  from  time  to  time  to  see  when  the  pistil  was 
ready  to  receive  the  pollen. 

To  protect  the  flowci's  at  such  times  against  stray  pollen  that  might 
be  floating  in  the  air  the  operator  covered  himself  and  the  plant  that 
he  WHS  pollinating  with  a  cloth  tent.  This  tent  was  supported  bj'  an 
iron  rod  fastened  to  the  back  of  the  operator.  Plate  VII,  figure  1, 
shows  one  of  the  tents  as  it  is  being  placed  in  position  and  Plate  VII, 
figure  2,  shows  the  tent  in  position.  When  the  pistil  was  in  condition 
to  receive  the  pollen  it  was  pollinated  by  means  of  a  camel's-hair 
brush  and  the  paper  bag  was  again  placed  over  the  pollinated  flower. 
This  operation  was  carried  on  under  the  cloth  tent. 

If  close-fertilization  was  desired,  each  flower  to  be  pollinated  was 
covered  with  a  paper  bag  and  the  anthers  were  not  removed,  since  it 
was  desired  that  the  pistil  should  receive  the  pollen  from  the  same 
flower.  The  same  precautions  were  taken  in  excluding  other  pollen 
as  in  the  preceding  case. 

Another  method,  which,  for  want  of  a  better  term,  may  be  called 
"bunch  pollination,"  consisted  in  covering  the  single  flowers  with 
paper  bags,  inclosing  several  flowers  in  the  same  bag  and  not  remov- 
ing any  of  the  anthers.  When  the  pollen  became  ripe  it  was  set  free 
froin  the  anthers  but  could  not  escape  from  the  b^.  An  occasional 
shaking  of  these  flower  stalks  caused  the  pollen  to  lodge  upon  the 
pistils,  and  thus  the  flowers  were  pollinated.  It  wa.s  certain  by  this 
process  that  the  flowei"s,  which  were  in  all  cases  covered  with  the^mgs 
before  any  of  them  opened,  were  pollinated  with  pollen  from  single 
flowers  only  and  from  the  same  plant  upon  which  the  seed  was  to  I>e 
produced,  but  it  was  not  possible  to  determine  whether  a  flower  had 
been  pollinated  with  its  own  pollen  or  with  that  from  another  flower 
on  the  same  stalk.  However,  the  process  is  much  more  rapid  than 
either  the  cross-pollination  or  self-pollination  previously  described. 

By  utilizing  these  various  methods  of  pollination,  altout  15, (KM) 
single  flowers,  produced  l»y  50  of  the  plants  that  possessed  the  highest 
number  of  single  flowers,  were  treated.  It  was  impossible  to  cut 
away  the  multiple  flowers  on  any  plant  without  removing  some  of  the 
single  flowers;  hence,  the  15,<XiO  flowei-s  treated  do  not  represent  the 
total  numl)er  of  single  flowers  on  these  plants. 

After  the  flowers  were  treated  and  covered  with  the  paper  bags, 
the  plants  were  protected  from  the  wind,  so  that  the  paper  liags  would 
not  be  blown  off,  by  covering  the  entire  plant  with  a  cloth  bag  made 
for  this  purpose.  These  bags  were  supported  by  four  strong  stakes 
dri\en  into  the  groimd  until  they  were  tivni.     The  number  of  flowers 
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handled  was  limited  by  the  progress  they  made  in  opening;  i.  e.,  as 
soon  as  the  flowers  opened  so  that  there  was  danger  of  pollination 
taking  place  before  they  were  covered  with  the  paper  bags,  it  was 
necessary  to  abandon  the  work.  The  period  that  elapsed  from  the 
time  the  buds  were  large  enough  to  work  until  the  flowers  had  opened 
so  that  further  work  was  impossible  was  about  three  weeks — from 
June  15  to  July  i. 

It  was  now  necessary  simply  to  go  over  these  50  plants  from  time 
to  time  and  remove  the  superfluous  growth  that  was  forced  from  the 
nodes  as  a  consequence  of  the  excessive  trimming  due  to  removing 
■  the  multiple  flowers  and  the  branches  that  bore  them.  As  soon  as  the 
seeds  had  set,  the  paper  bags  were  removed,  but  the  plants  were  still 
protected  by  the  cloth  bags,  which  remained  over  the  plants  until  the 
seed  ripened. 

GATHEBINa   THE   SEED. 

Early  in  August  the  seed  was  ready  to  be  gathered,  and  that  from 
each  of  the  50  plants  was  kept  separate  and  a  record  made  of  the 
plant  from  which  it  was  obtained.  The  seeds  were  also  kept  separate 
with  reference  to  the  method  of  pollination.  Of  the  15,000  single 
flowers  treated,  about  10,000  set  their  seed  and  reached  maturity. 
These  will  be  carefully  planted  by  hand  at  the  proper  time  for  the 
production  of  the  second  crop  of  seed  beets,  from  which  the  writers 
hope  to  obtain  their  second  crop  of  seeds.  These  single-germ  seeds 
are  larger  than  similar  seeds  that  were  selected  for  the  first  planting, 
as  shown  in  Plate  VIII,  figure  4.  Plate  VIII  shows  the  comparative 
sizes  of  multiple  seed  balls  (tig.  1),  double  seed  balls  (tig.  2),  and  single 
seeds  from  the  same  plant  (figs.  3  and  -i).  The  larger  growth  of  the 
seeds  shown  in  figure  4  is  probably  due  in  some  measure  to  the  trim- 
ming that  the  branch  that  bore  these  seeds  received,  thus  throwing 
more  of  the  growth  and  vigor  of  this  branch  into  the  seed. 
PERCENTAGE  OF  8INOLE-QSRH   SEEDS. 

As  already  indicated,  50  of  the  plants  that  possessed  the  highest 
number  of  singles  were  selected  for  the  special  pollination  work. 
Owing  to  the  method  of  treatment  already  described,  it  was  impossible 
to  determine  the  percent^^  of  single  flowers  on  the  50  plants  that 
were  treated.  As  a  consequence,  it  is  impossible  to  compare  accui-ately 
the  number  of  single-germ  seeds  produced  by  these  60  plants  grown 
from  single-germ  seeds  with  the  number  of  singles  produced  by  plants 
grown  from  commercial  seed.  However,  after  selecting  the  50  plants 
for  this  work,  2U  of  the  plants  remaining  that  showed  the  high- 
est percentage  of  singles  were  picked  out  and  all  the  seeds  from 
each  plant  were  carefully  saved  and  kept  separate.  From  a  field  of 
17  acres  of  beet  seed,  in  which  the  seed  beeta  were  produced  from 
ordinary  comniercUl  seed,  10  plants  that  showed  the  highest  yield  of 
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single-g^rm  seed  were  also  selected  for  comparifton.  The  seed  from 
eaoh  of  these  plants  was  kept  separate  and  all  the  seed  of  each  plant 
was  carefully  saved.  These  results  are  embodied  in  the  following 
tabie,  together  with  the  i-esults  previously  mentioned  in  regard  to  the 
percentage  of  singles  in  conunercial  seed  and  in  siftings: 

Tablb  III. — Ompariton  of  pereenlagai  of  tingle  and  multiple  germ  leedt  from  tdeded 
planli,  from  HJHiig*,  and  from  commercial  teed. 


FrooiBeeil 
germse*<l. 

Fiom  fleld        _^„ 

bcel  w«d. 

0.2& 
.Ota 

.DM 

0  018    1 

AT..0.H3 

O.Ce7    ■       0.U734 

0.0096    1 

It  wiU  be  seen  from  this  table  that  the  best  plant — i.  e. ,  the  one  pos- 
sessing the  highest  number  of  single-germ  seeds  that  could  be  found 
in  a  field  of  17  acres  grown  from  commercial  seed— bora4.7  per  cent 
of  single-germ  seed,  or  a  little  less  than  one-twentieth,  of  all  the  seeds 
produced  by  the  plant,  and  the  average  for  the  ten  selected  plants  was 
less  than  one  thirty-fifth  of  all  the  se«d  produced  by  the  plants."  On  the 
other  hand,  the  number  of  single-genn  seeds  produced  by  the  next  best 
plant  after  50  of  the  best  ones  had  been  selected— i.  e.,  from  the  fifty-first 
plant^n  point  of  number  of  singles  was  25  per  cent,  or  one-fourth  of 
all  the  seed  produced  by  the  plant,  and  the  average  for  the  ten  plants, 
ranging  from  the  fifty-first  to  the  sixtieth  be^^t,  was  a.  little  less  than 
one-seventh  of  the  seed  produced  by  the  10  plants. 

It  is  true  that  out  of  the  total  number  of  plants  grown  from  single- 
germ  seeds  and  used  in  this  selection  work  a  large  numt>er  of  them 
produced  in  point  of  numbers,  so  far  as  could  be  determined  by  casual 
observation,  approximately  the  same  quantity  of  single-germ  seeds 
that  were  produced  by  beets  grown  from  ordinary  multiple-germ  seed. 
It  must  l>e  remembered,  however,  that  all  the  seeds  with  which  the  first 
planting  was  made  were  selected  from  commercial  seed,  so  that  nothing 
is  known  in  regard  to  the  plants  or  the  manner  of  the  pollination  of 
the  dowers  that  produced  the  seeds.  It  would  not  be  surprising  if  a 
targe  number  of  the  single-germ  seeds  found  in  commercial  seed  were 
produced  from  flowers  which  were  pollinated  and  fertilized  by  pollen 
from  flower  clusters  instead  of  from  single  flowers. 

"It  ehould  be  noted  that  this  proportion  rcpreaenls  select<y|  plantii  and  does  not 
show  the  percentage  of  ainf^e-^nii  peeils  grown  iin  onlinary  |iliuiti<  taken  at  random, 
whiuh  would  be  iioinewhiLt  lew  than  one  thirty-tilth.  .,  . 
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C0NCLTT8I0H. 

Jt  id  the  purpose  of  those  having  this  work  in  charge  to  continue 
their  experiments  along  the  same  line  during  the  coming  season.  The 
writers  expect  to  produce  this  year  a  crop  of  seed  heets  from  their 
selected  single  gGrm  seed  and  to  silo  these  beets  iti  the  autumn  for  next 
year's  seed  production.  Meantime  the  experiments  of  last  year  will 
be  repeated.  In  addition  to  this  repetition,  serving  as  a  comparison  of 
the  results  already  obtained,  it  will  give  this  season  a  crop  of  seed 
similar  to  the  seed  saved  last  year.  The  importance  of  this  precaution 
appears  when  it  is  remembered  that  it  takes  two  years  to  produce  a  . 
crop  o,f  seed,  and  that  any  accident  to  the  present  supply  of  seed 
would  cause  a  delay  of  two  years  unless  a  quantity  of  seed  beets  ready 
to  produce  more  seed  was  on  hand.  For  this  reason  it  is  planned  to 
repeat  each  year  the  experiments  of  the  preceding  season. 

As  soon  as  a  sufficient  quantity  of  single-germ  seed  has  been  pro- 
duced, the  writers  hope  to  <-onduct  comparative  experiments  with  sin- 
gle and  multiple  germ  seeds  in  different  localities  to  determine  the 
influence  of  soil  and  climate  upon  beet  production  from  single-germ 
seed  and  to  test  the  practicability  of  using  single  genu  beet  seed  on  a 
commercial  scale.  Further  reports,  showing  the  progress  of  the  work, 
which  must  necessarily  extend  over  a  considerable  period,  will  be  pub- 
lished from  time  to  time. 
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DESCRIFTXON  OF  PI.ATES. 

Plate  I.  A. — Typical  multiple^term  beet  seeds,  shoffing  Home  of  the  variatione  in 
tthape  anil  sixe  oi  commercial  stgtar-heet  seed  balls.  Natural  size.  B. — Single- 
germ  beet  seeds  selected  from  commercial  seed,  showing  some  of  the  variations 
in  shape  and  size.    Natural  BiEe. 

Plate  II.  Upper  part  of  flower  stalk  from  beet  plant,  showit^  method  of  branching, 
and  also  size  and  arrangement  of  flowers,  Ixith  single  and  in  clustere.    Natural 

Plate  III.  Flower  stalks  from  which  the  flower  closters  bave  been  removed,  leaving 
only  the  single  flowers.  The  bnnch  at  the  right  is  the  some  as  that  shown  in 
Plate  II.  Some  of  the  flowers  on  the  branch  are  already  open;  hence  too  late  to 
bag  for  hand  pollination.  The  branch  at  the  left  has  all  the  flowers  still  cloeed, 
and  is  ready  to  bag.  Souie  of  the  single  flowent  sbuid  i^loee  together,  as  shown 
at  the  top  of  branch  at  the  left,  so  that  in  the  cut  they  appear  like  doubles. 
Natural  size. 

Plate  IV.  Different  gradesorsizt-sot  sugar-beet  seed  obtained  by  takingcommercial 
seed  as  shown  in  A  and  by  separating  the  eo-called  sittings  into  the  grades  B, 
C,  D,E,  F,  and  I?,  by  means  of  sieves  having  6,8,  10,  12,  and  14  meshes  per  inch, 
respectively.  Fshows  the  material  too  coarse  to  pass  through  the  sieve  having 
14  mesheB  per  inch,  and  <7  shows  the  material  that  paffied  through  the  sieve. 
B  anil  V  are  good  grades  of  small  seed.  D  contains  a  large  amount  of  seed  not 
filled.  £and  ^contain  only  a  few  peede  that  are  filled,  and  numerous  immature 
floret!".  <S  is  compoaed  mostly  of  broken  florets,  leaves,  and  stems.  An  attempt 
is  made  in  each  case  to  represent  the  percentagt;  of  singles.  This  can  be  done 
only  approximately.  The  percentage  in  ,1  is  nearly  1 ;  in  B,  3;  in  C,  S  -,  in  D, 
8  I  ,  and  in  F,  S— ;  so  that  for  25  seeds  the  percentage  of  single  seeds  is  only 
approximately  correct. 

Plate  V.  Two  types  of  Ijeet-seed  stalks.  The  one  at  the  right  is  much  more 
branched  than  the  one  at  the  left  and  posseases  many  more  single-germ  seeils. 

Plate  VI.  Fig.  1.— Flower  stalks  with  multiple  flowers  removed,  leaving  only  the 
singles  ready  to  be  bagged  for  hand  pollination.  Fig.  J!.— Single  flowers  covereil 
with  paper  bags  to  protect  them  from  foreign  ix>llen. 

Plate  VII.  Fig.  1.  Cloth  tent  l»eing  adjusted  to  cover  the  operator  and  the  plant 
upon  which  he  is  to  work.  Fig.  2. — Tent  in  position,  covering  the  operator  and 
plant  in  order  to  protect  the  flowers  from  foreign  jiollen. 

Plate  VIII.  Various  forms  of  sugar-beet  seed.  Fig,  1,— Multiple  beet-seed  balls 
obtuned  from  a  selected  plant  grown  from  single-germ  seed.  Natural  eiie. 
Fig.  2.— Double  beet-seed  balls  from  the  same  plant.  Natural  size.  FS%.  3.— 
Single-germ  beet  seed  from  a  branch  of  the  same  plant,  not  trimmed  and  not 
hand  pollinated.  Natural  size.  Fig.  4.— Single-germ  beet  seed  from  a  branch 
of  the  same  plant  that  was  trimmed  and  hand  pollinated.  The  larger  size  may 
be  due  to  the  trimming  away  of  the  multiples,  or  to  the  hand  pollination,  or  to 
both.    Natural  size. 
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Upper  Parts  op  Flower  Stalks,  with  Only  Sinqle  Flowers  Remaininq. 
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#    #  iir  iji  #    # 


Fta.  1.— UuLTiPLE-acRM  Beet-seed  Balls, 


-^  ir   »     t    t    * 


FiQ.  2— Double  Beet-seed  Balls. 


♦        *        •         *        •        «k 


Fia.  3.— Sinqle-oerm  Beet  Seed.  Naturallv  Pollinated. 


*    *    *     J^     *     4c 


Fig.  4.~Single-oehm  Beet  Seed,  Hand  Pollinated. 
VARIOUS    FORMS    OF    SUGAR-BEET    SEED. 
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Fio.  1 .— Th£  Cane  C*ctus  of=  Southeastern  Colohaqo.  Singed  » 


Fio.  2.— The  Pricklv  Peaa  of  Texas.  Sinqeo  with  a  Torch. 
OLD    AND    NEW    WAYS    OF    SINGEING    CACTI. 
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I.KTrEK  OF  TKANSMirrAL 


U,  S,  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Wmhhigton,  1).  C,  December  U,  IOO4. 
Kir:  I  have  the  honor  to  transmit  herewith,  and  to  rijcommend  for 
publication  as  Bulletin  No.  74  of  the  series  of  this  Bureau,  the  accom- 
panying manuscript  entitled  "The  Prickly  Pear  and  Other  Cacti  aa 
Food  for  Stock."  This  paper  was  prepared  by  Dr.  David  Griffiths, 
Assistant  A^rostolc^ist  in  Charge  of  Range  Investigations,  and  has 
been  submitted  by  the  Agrostologist  with  a  view  to  its  publication. 

The  five  half-tone  plates  are  necessary  to  a  complete  understanding 
of  the  text  of  this  bulletin. 

Respectfully,  11.  T.  (jalloway, 

C7ii\f  iif  Bureau. 
Hon.  .Tahes  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


For  several  years  pimt  letters  have  l>een  coming  to  this  Office  regard- 
iDg  the  fora^  value  of  different  ttpecies  of  cactus.  Some  two  years 
ago  a  number  of  letters  were  received  in  which  the  writers  claimed 
high  feeding  value  for  this  claims  of  plants  when  properly  handled. 
The  fact  that  much  land  which  must  be  classed  as  desert  is  covered 
with  a  considerable  growth  of  cactus  plants,  and  the  certainty  that  )f 
these  could  be  shown  to  have  for^e  value  the  fact  would  render  use- 
ful enorntoiis  stretches  of  lands  which  are  now  even  worse  than  useless 
seemed  to  justify  investigating  the  subject. 

Our  first  efforts  were  to  collect  the  experience  of  those  who  had 
used  prickly  pear  and  other  cacti  for  feed.  The  amount  of  informa- 
tion secured  in  this  manner  was  astonishingly  large,  and  being  on  a 
subject  which  had  hitherto  received  practically  no  attention  from 
investigators  in  this  country,  much  of  it  was  of  a  nature  to  create  some 
surprise.  The  information  thus  gleaned  is  here  pi-esented  as  a  basis 
for  further  work,  which  is  now  under  way.  While  the  opinions  of 
those  who  have  had  experience  in  feeding  i-actus  are  not  always  justi- 
fied, they  are  nevertheless  suggestive  and  are  presented  in  the  follow- 
ing pages  because  of  the  value  of  some  of  these  suggestions.  In  view 
of  the  Urge  amount  of  information  collected  by  Doctor  OriffithN,  it  is 
somewhat  remarkable  that  investigators  have  not  heretofore  recog- 
nized the  possibilities  evidently  existing  in  the  cacti  as  forage  plants. 
It  is  shown  that  this  use  of  them  is  very  old  and  is  quite  general  over 
a  large  extent  of  territory  in  this  country.  In  this  connection  it  may 
be  remarked  that  were  it  not  for  the  spines  on  this  class  of  plants  they 
would  probably  have  been  exterminated  long  i^o,  and  there  is  some 
doubt  whether  there  would  beany  use  for  spineless  forms  in  the  future. 
It  is  practically  certain  that  under  no  circumstances  does  the  prickly 
pear  possess  as  nmch  forage  value  as  some  enthusiastic  feeders  claim 
for  it,  but  the  subject  is  certainly  worthy  of  the  investigations  that 
have  been  undertaken.  The  principal  lines  of  investigation  now  in 
progress  are:  Chemical  composition  of  the  most  useful  forniH,  methods 
of  planting,  yield,  the  frequency  with  which  cacti  may  be  harvested, 
varieties  and  their  distribution,  methods  of  preparation  and  feeding, 
and  the  value  of  these  plants  compared  with  other  forage  plants. 
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We  hare  been  able  to  find  only  very  meager  accounts  of  any  previous 
inrestigatioDH  in  thii*  field.  A  little  ha^  been  done  in  Australia  and 
in  India.  The  results  of  these  investigations  are  not  in  accord  with 
the  experience  of  utockmen  in  this  country.  In  reporting  on  feeding 
trials  in  India,  the  experimenter  says,  '''The  result  of  our  extended 
and  thorough  trial  proves  conclusively  that  prickly  pear  has  hardly 
any  value  as  a  cattle  feed."  In  the  experiments  referred  to,  the  cactus 
was  roasted  in  order  to  remove  the  spines.  The  experience  of  Aroer- 
i<«n  feeders  indicates  that  the  unfavorable  results  in  these  experiments 
may  be  due  to  the  method  of  preparation  of  the  material.  They  may 
also,  of  course,  be  due  to  differences  in  the  species  used,  but  the  fact 
that  practically  all  forms  of  cactus  found  in  this  country  make  very 
good  famine  feed  would  point  to  a  different  conclusion.  The  cattle  on 
experiment  in  these  investigations  in  India  at  no  time  consumed  over 
25  pounds  of  cactus  per  day,  while  numerous  instances  are  known 
where  cattle  in  this  country  have  eaten  100  pounds  or  more  per  day. 

It  would  seem  that  when  fed  with  a  limited  amount  of  cotton-seed 
meal,  properly  prepared  cactus  is  readily  eaten  in  large  (luantities  and 
that  it  has  considerable  feed  value.  Prickly  pear  has  undoubtedly 
saved  many  herds  in  famine  years  and  thus  prevented  the  wiping  out 
of  the  ranchers"  capital— often  the  result  of  years  of  patient  labor. 

Other  publications  will  be  issued  as  the  investigations  now  in  prep- 
ress are  completed.  These  investigations  are  being  conducted  by  Dr. 
David  Griffiths,  of  this  Office,  under  the  direction  of  the  Agrostologist, 
In  this  work  we  are  cooperating  extensively  with  the  New  Mexico 
Experiment  Station  and  with  a  large  number  of  stockmen  in  the  South- 
west. 

>V.  J.  Spillmak, 
AgrostoU/gixt  In  Charge. 

Offkte  of  Gbass  and  Forage  Plant  Isvestioations, 

Waahinytoii^  D.  V.,  December  5,  190^ 
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ILLUSTRATIONS. 


Pi^TB  I.  OliI  and  new  ways  of  ainKeing  carti.     Pik.  1.— The  nme  cactiia  of 
Boutheastern  Ci)l(irado,  sini^  with  brush.    Fig.  2.— The  pripkly 

pear  of  Texas,  Minged  with  a  lonrh Frontispiece. 

II.  The  prickly  pear  and  a  pear  machine.  Fig.  1. — One  of  the  com- 
mon prickly  peara  of  Texas  in  full  fruit.  Fig.  2. — A  type  of 
pear  initter  as  eet  up  and  operated  by  IMr.  J.  C.  Cilaas 48 

III.  Another  type  of  pear  cutter.     Fig.  1. — Front  view,  showing  knives. 

Fig.  2. — Bear  view,  with  casing  remove<l,  Bhowing  boxes  behind 

the  knives 48 

IV,  Prickly  pears  in  California  and  Texas.     Fig.  1. — Nopal  deCastilla, 

cultivated  la  southern  California.     Fig.  2.— A  pear  thicket  on 

the  GlasB  ranch,  Eagle  Eaa*,  Tex 48 

V,  The  Tapuna])ear.  Fi);.  1. — A  single  plant  of  the  Tapuna  pear,  near 
Alonzo,  Mexico.  Fig.  2. — Fniil  of  the  Tiipiina  pear  in  one  of 
the  market  places  al  San  Luis  Potosi,  Mexico 4ft 


Fio.  1.— A  pearfork.. 
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THE  PRICKLY  PEAR  AND  OTHER  CACTI  AS 
FOOD  FOR  STOCK. 


XNTKODITOTIOK. 

In  the  arid  and  Bemiarid  regions  of  the  United  States  the  rancher  is 
periodically  confronted  with  a  condition  of  drought  which  endan^rs 
the  well-heing,  if  not  the  actual  existence,  of  his  flocks  and  herds. 
His  pastures  are  usually  taxed  to  their  utmost  capacity  during  average 
years,  and  when  a  season  of  famine  occurs  he  suffers  tremendous  losses 
by  death  of  animals.  Under  these  conditions  he  is  obliged  to  sell  when 
neither  his  stock  nor  the  market  prices  are  favorable  to  his  interests. 
Under  such  circumstances  it  is  sometimes  advisable  to  buy  hay  or 
grain,  but  the  pricea  of  thes«  feeds  where  freight  rates  are  high  are 
often  prohibitive.  It  is  very  seldom  that  a  rancher  can  afford  to  feed 
hay  at  flO  per  ton  to  stockers,  even  if  it  can  be  secured  conveniently. 

The  case  is  much  more  aggravated  when  the  haul  to  the  feeding 
grounds  is  long,  necessitating  a  coiisiderable  expenditure  of  money  for 
hauling  the  same  expensive  feed.  This  latter  expense  may  often  be 
obviated  by  driving  the  stock  to  a  region  in  close  proximity  to  the 
feed;  in  other  words,  to  the  feeding  ground.  This  common  practice 
in  the  West  is  a  very  important  factor  in  the  stock  busines,>(.  Stockers 
are  shipped  from  the  southwest  to  the  Pacific  coast,  Montana,  and 
Canada  to  take  advantage  of  feed  in  those  localities  when  it  is  unob- 
tainable in  the  southern  breeding  grounds.  The  practice,  while  com- 
mon, if  not  universal,  is  expensive,  because  of  the  long  distance  to 
feed.  Short  pasture  and  the  settling  up  of  the  intervening  regions 
render  driving  impnicticaT)Ie,  although  formerly  this  could  be  more 
easily  done.  The  large  holder  usually  has  a  knowledge  of  the  con- 
ditions which  prevail  in  other  sections  of  the  country,  and  his  superior 
experience  gives  him  a  decided  advantage  over  the  small  rancher,  who 
has  less  means  and  usually  less  knowledge  of  the  conditions  of  the 
country  at  lai^e  at  his  command.  The  rancher  of  moderate  means  is 
therefore  confronted,  during  years  of  famine,  with  the  alternative  of 
feeding  expensive  feed  or  selling  at  i-uinoos  prices  in  order  to  save 
his  stock  from  starvation. 
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It  is  to  meet  the  requirementtt  for  an  emergency  ration  For  these 
seasons  of  short  feed  nnd  to  call  attention  to  the  varied  uses  of  the 
cacti  that  this  bulletin  is  published;  and  it  is  hoped  that  it  will  answer, 
in  a  pi'eltminary  way,  many  questions  which  are  asked  of  the  Depart- 
ment of  Agriculture  each  year  regarding  cacti. 

The  various  species  of  cactus  which  occur  in  the  arid  and  seniiarid 
portions  of  the  country  are  well  adapted  to  the  purpose  of  feeding 
when  properly  prepared,  and  furnish  a  feed  which,  although  low  in 
nutritive  value,  is  inexpensive  and  will  tide  the  stock  over  a  period  of 


This  bulletin  is  based  upon  personal  observations  and  the  experience 
of  ranchers,  and  was  instigated  by  the  numerous  inquiries  and  pressing 
demands  which  have  been  apparent  for  the  past  few  months.  This 
publication  is  a  preliminary  one,  giving  a  general  exposition  of  the 
subject.  It  will  be  followed  later  by  several  technical  treatises,  which 
are  now  in  process  of  preparation,  dealing  with  carefully  planned 
experiments  upon  the  different  phases  of  the  subject.  Here  techni- 
calities are  avoided,  and  the  aim  in  writing  has  been  to  include  such 
information  as  has  been  secured  by  field  observations  and  inquiry 
among  ranchers,  dairymen,  teamsters,  and  others  having  experience 
in  the  premises.  The  paper  is  therefore  intended  to  he  popular,  sug- 
gestive, and  preliminary  to  more  technical  publications  which  are  to 
follow. 

HISTOBT. 

It  is  impossible  to  tell  whore  or  when  the  feeding  of  pear  began  in 
Texas,  but  it  is  certain  that  the  practice  was  common  several  years 
before  the  civil  war.  There  are  people  now  living  who  can  remember 
distinctly  its  use  during  the  droughts  of  1857  and  1859.  From  this 
time  until  long  after  the  war  there  were  very  extensive  freight  trans- 
portations carried  on  between  Brownsville,  Indianola,  San  Antonio, 
Eagle  Pass,  etc.  Teaming  was  especially  heavy  in  this  region  during 
the  civil  war,  when  Brownsville  and  Matamoras,  Mexico,  became 
bustling,  flourishing  cities,  built  up  by  the  teaming  trade,  which 
bmught  the  products,  especially  cotton,  of  the  Confederate  States  to 
this  point  for  export — at  times  the  only  safe  outlet  for  the  products 
of  the  South.  By  far  the  greatest  amount  of  freighting  was  done  with 
oxen.  At  that  time  vorn  was  not  produced  in  any  appreciable  quan- 
tities, and  any  other  grain  was  prohibitive  in  price.  Upon  their  long 
hauls  the  cattle  got  no  feed  but  that  produced  by  tlie  country  through 
which  they  passed.  This  was  meager  in  localities  and  often  poor 
everywhere.  It  is  said  that  the  teamster  considered  himself  for- 
tunate when  there  was*  pear  to  be  had,  and  there  was  plenty  of  it 
on  many  of  the  roads.  The  teamsters  at  this  time  scorched  the  pear 
by  burning  brush,  and  chopped  or  slashed  it  with  ax,   spade,  or 


dbvGoogIc 


UEUUKAPHICAL    DltlTRIBITTION'.  11 

niauhetc.    This,  t<^ether  with  such  dry  grase  and  browse  &»  the 
region  afforded,  was  all  the  feed  that  the  cattle  obtained. 

It  is  quite  probable  that  the  Americana  learned  the  uue  of  prtckly 
pear  from  the  Spanish  people,  who  appear  to  have  learned  it«  value 
and  practiced  feeding  it  long  before  it  was  employed  for  that  purporie 
in  this  country. 


Roughly  speaking,  we  may  designate  the  northern  boundary  of  the 
cactus  area  in  this  country  as  follows:  From  the  Texas-Louisiana 
line  westward  on  the  thirty-third  degree  of  north  latitude  to  the 
Texas-New  Mexico  border;  thence,  northward  to  the  thirty-ninth 
degree  of  north  latitude;  thence,  westward  along  this  parallel.  Id 
describing  the  lx>undary  in  this  manner  it  is  to  be  understood  that  only 
a  very  small  fraction  of  the  area  of  the  United  States  south  of  this  line 
has  pear  or  other  cacti  in  sufBcient  quantity  to  be  of  economic  impor- 
tance in  a  state  of  nature.  Indeed,  the  areas  of  economic  cactus  in  this 
c-ountry  are  very  circumscribed,  although  they  are  scattered  over  a 
considerable  territory. 

Outside  of  this  area  there  are  only  one  or  two  situations  where  the 
cacti  are  at  all  prominent,  and  they  never  grow  lat^e  enough  to  be  of 
any  particuhir  value.  The  same  is  true  of  much  of  the  territory 
included  in  the  general  region  designated  above,  but  some  of  this  ter- 
ritory is  covered  with  growths  of  various  species  of  these  spiny  plants 
that  render  it  difficult  for  cattle  to  travel  through  them,  and  such 
growths  are  scattered  here  and  there  over  the  entire  region. 

The  cactus  region  par  excellence,  and  the  only  region  where  any 
great  amount  of  feeding  has  been  done  in  this  country,  may  be 
descri))ed  as  that  portion  of  Texas  situated  south  of  the  thirtieth  par- 
allel of  north  latitude.  In  this  region  the  species  of  prickly  pear  are 
sufficiently  abundant  and  the  grasses  so  scarce  during  portions  of  the 
year  that  the  stock  industry  liecomes  almost  dependent  upon  the  pear 
for  its  existence.  It  is  estimated  by  many  ranchers  that  one-half  less 
stock  would  have  to  be  bandied  by  them  were  it  not  for  prickly  pear. 

In  the  general  cactus  region  outside  of  southern  Texas,  cactus  from 
an  economic  point  of  view  occurs  in  limited  areas  only.  Arizona, 
Now  Mexico,  and  southern  California,  while  often  spoken  of  as  great 
cactus  regions,  have  only  comparatively  small  areas  where  any  of  the 
species  grow  in  sufficient  abundance  to  render  them  of  any  commercial 
importance  in  a  condition  of  nature.  These  States  have  many  botani- 
cal species  of  great  interest,  but  in  many  cases  the  number  of  indi- 
viduals is  small,  or,  if  numeroas,  they  are  too  diminutive  to  be 
economically  prepared  for  stock  feeding. 

But  even  so,  there  are  many  areas  scattered  all  over  these  regions 
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where  isoine  of  the  various  apecies  occur  in  great  profusion,  giving  a 
reserve  food  supply  which  under  intelligent  use  can  be  made  immensely 
valuable,  even  if  the  plants  will  not  respond  readily  when  planted. 
The  experience  of  a  few  ranchers  in  the  vicinity  of  Magdaleoa,  N. 
Mex.,  the  Pinal  Mountains  and  Colorado  River  Valley  of  Arizona, 
and  in  Houtheastern  Colorado  testifies  to  the  value  of  the  various  spe- 
cies of  cactus  as  emergency  rations  in  the  general  re^on  south  of  the 
thirty-ninth  degree  of  uorth  latitude  and  west  of  eastern  Texas. 

HBTHODB  OV  TBKDOia. 

In  Australia,  so  far  as  the  literature  of  the  subject  indicates,  steam- 
ing is  the  print^ipa)  method  of  utilizing  the  prickly  pear,  which  has 
been  introduced  and  widely  disseminated  in  that  country.  In  this 
country  various  methods  have  been  developed  independently  in  the 
several  cactus  regions,  and  apparently,  at  least,  without  knowledge  of 
the  practices  in  vogue  in  other  sections.  The  greatest  progress  in 
this  line,  however,  is  exhibited  in  the  vicinity  of  San  Antonio,  Tex. 

SINGEINQ  THE  SPINES. 

The  most  prevalent  practice  in  southeastern  Colorado  consists  in 
singeing  the  spines  over  a  brush  fire.  (PI.  I,  fig.  1.)  This  operation 
is  practicable  where  there  is  considerable  brush  or  wood  conveniently 
situated,  but  it  has  many  disadvantages.  The  plants  are  collected  and 
hauled  to  some  convenient  place,  where  a  lire  is  built.  A  brisk  fire 
will  remove  the  spines  from  one  side  of  the  joints  almost  instantly. 
It  is  then  necessary  to  turn  the  plants  over  and  bum  them  t^ain  on 
the  other  side.  Some  careful  feeders  often  leave  the  plant  on  the  fire 
until  much  of  the  ouUide  has  turned  black  from  the  heat,  in  order  to 
insure  the  I'emoval  of  the  short  as  well  as  the  long  spines.  Others 
exercise  less  care,  and  simply  allow  the  flames  to  pass  over  the  plant, 
burning  off  only  the  distal  half  or  more  of  the  long  spines  and  leaving 
practically  all  of  the  short  ones  for  the  cattle  to  contend  with.  It 
often  happens  that  the  fuel  used  is  greasewood  (Sarcobatus  vennl- 
t'ulatoM)  or  shad  scale  {Atriplex  canescetut),  the  young  shoots  of  which 
are  of  greater  nutritive  value  than  the  pear  itself.  On  the  arroyos 
and  washes  dead  cottonwood  timber  is  used,  while  in  many  localities 
juniper  furnishes  the  fuel. 

This  is  the  most  primitive  method  of  feeding  and  one  which  has 
been  practiced  in  Texas  since  before  the  civil  war,  and  is  still  very 
extensively  employed  not  only  in  Texas  but  also  in  old  Mexico,  where 
singeing  the  thorns  with  brush  is  about  the  only  method  employed  in 
feeding  prickly  pear  and  other  species  of  cacti. 
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SmOEIKG  WITH  A  TORCH. 

The  use  of  &  gia^line  torch  for  removing  the  spines  of  the  prickly 
pear  (and  it  is  applicable  to  other  apecies  of  cacti)  originated  in  Texat*. 
(PI.  I,  fig.  2.)  This  is  a  common  practice  in  vogue  upon  the  range, 
and  is  to  be  recommended  as  economical  in  both  the  utility  of  the  feed 
and  the  labor  of  preparing  it.  The  process  consists  in  passing  a  hot- 
blast  flame  over  the  surface  of  the  plant,  which  can  be  very  quickly 
done  at  small  expense.  The  spines  themselves  are  dry  and  inflamma- 
ble. In  many  species  one-half  or  two-thirds  of  them  will  burn  off  by 
touching  a  match  to  them  at  the  lower  part  of  the  trunk.  The  ease 
with  which  they  are  removed  depends  upon  the  condition  of  the  atmos- 
phere, the  i^  of  the  joints,  and  the  number  of  the  spines.  A  large 
number  of  spines  is  very  often  an  advantage  when  singeing  is  to 
be  practiced,  because  the  spines  burn  )>etter  when  they  are  abun- 
dant. The  instrument  used  for  this  purpose  is  a  modified  plumlter's 
torch.  Any  other  convenient  torch  which  gives  a  good  flame  can  be 
employed,  the  efiiciency  depending  upon  the  lightne,sN  of  the  machine 
and  tJie  ease  with  which  the  innermost  parts  of  the  cactus  plants  o^n 
l»e  reached  by  the  flame. 

In  southern  Texas  two  excellent  torches,  described  elsewhere,  are 
commonly  used  in  singeing  the  prickly  pear.  In  Arizona  one  or  two 
ranchers  consulted  have  used  an  ordinary  kerosene  torch  with  mod- 
erate success  in  handling  the  tree  cacti  of  that  region.  With  the  use 
of  these  machines  there  is  no  labor  involved  in  the  feeding,  except 
that  of  removing  the  spines  by  the  passage  of  the  blast  flame  over  the 
surface  of  the  joints.  The  cattle  follow  the  operator  closely,  and 
graze  all  the  joints  which  have  been  singed. 

8TEAHINO. 

So  far  as  known,  Mr.  J,  M.  John,  of  Hoehne,  Colo.,  is  the  only 
ran<;her  who  has  practiced  steaming  cactus  for  cattle  in  this  country. 
Mr.  John  discovered  by  accident  and  without  any  knowledge  of 
Australian  pi-actices  that  the  spines  became  innocuous  when  moistened 
for  some  time.  He  happened  to  use  the  plants  in  the  construction  of 
a  dam,  which  soon  washed  out.  Upon  repairing  the  dam  it  was  dis- 
covered that  the  spines  of  those  plants  which  had  been  kept  wet  were 
perfectly  harmless.  This  suggested  that  hot  water  or  steam  would 
accomplish  the  purpose  in  a  much  shoi'ter  time.  Acting  upon  this 
suggestion  he  fitted  up  a  tank  and  boiler,  which  happened  to  be  on 
hand,  for  the  purpose  of  steaming  the  cactus.  The  tank  employed 
was  an  open  one  holding  two  loads,  or,  approximately,  6,0(X)  pounds 
of  cactus.  In  order  to  prevent  the  loss  of  heat  as  much  as  possible, 
corn  chop,  which  was  to  be  fed  with  the  cactus,  was  poured  upon  the 
top  of  the  loaded  vat.     This  mixture  was  steamed  for  about  ten  hours, 
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allowed  to  i^tand  one  night,  and  fed  in  the  morning,  with  good  results 
during  one  or  two  winters.  It  should  be  stated  that  all  of  the  liquid 
was  lost.  This  waa  a  pure  experiment,  adapted  to  local  conditions 
and  material  convenient  for  the  operations.  The  form  of  tank,  tho 
length  of  time,  and  the  consequent  expense  of  keeping  up  steam,  could 
l»e  greatly  improved  upon. 

CHOPPING    BY    MACHINEBY. 

In  southern  Texas  there  have  been  some  rapid  advances  made  during 
the  last  twenty  years  in  the  matter  of  pear-handling  machinery. 
By  use  of  the  machines  now  in  vt^ue  pear  and  other  cacti  may  be 
chopped  into  such  small  pieces  that  the  spines  are  rendered  innocuous 
by  the  abrasion.  The  two  machines  manufactured  for  this  purpose 
and  described  later  are  both  set  so  as  to  cut  the  pear  into  1-inch  to 
li-inch  pieces.  Owing  to  the  succulent  nature,  the  whole  thing  is 
practically  macerated  in  the  operation.  It  is  the  practice  to  set  these 
machines  up  in  the  pastures  convenient  to  pear  and  water.  The  pear 
is  cut  down,  hauled  to  the  machines  in  wagons  or  carts,  chopped, 
reloaded,  and  hauled  out  again  to  be  fed  in  troughs  constructed  for 
that  purpose. 

A  further  discussion  of  this  topic  will  necessarily  occur  In  connec- 
tion with  a  description  of  the  machines  and  their  operation. 

OTHER  CHOPPING   DKVICES. 

Many  feeders  in  Texas  hire  cheap  labor  to  chop  the  prickly  pear 
with  machetes  or  spades.  A  small  quantity  of  the  pear  is  placed  in 
a  trough  or  a  pile  is  built  upon  the  ground.  A  machete  or  .spade  is 
then  employed  to  slash  it  into  small  pieces,  when  it  can  be  more  read- 
ily eaten  by  the  cattle.  This  is  rather  a  poor  way  of  feeding,  for  the 
spines  are  only  imperfectly  gotten  nd  of,  and  the  cattle  consequently 
get  their  mouths  so  full  of  them  that  after  a  time  they  ai-e  unable  to  eat 
at  all.  The  practice  does  get  rid  of  some  of  the  spines,  however,  and 
stock  are  able  to  eat  the  pear  nmch  bettei*  when  prepared  in  this  way 
than  in  the  natural  state. 

HF,MOVAL  OK  THK  EDOF,  OF  THE  .TOINT.S, 

All  pastors  (hei-ders)  carry  machetes  as  a  part  of  their  equipment 
in  all  prickly-pear  regions  of  Texas  and  Old  Mexico.  With  this  most 
useful  Mexican  instrument  they  very  dextrous!}'  lop  off  the  edge  of 
the  pear  joint  for  the  purpose  of  giving  the  sheep  a  chance  to  get 
into  the  thickets  or  bunches  of  pear  to  better  advantage.  As  a  usual 
thing  the  greatest  number  of  spines  oc-cur  on  the  edges  of  the  joints, 
the  more  effectually  protecting  thorn.  The  pastors  simply  cut  off  an 
inch  or  two  of  this  spiny  portion  an<l  the  animals  are  then  able  U> 
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nibble  at  the  cut  surface  without  serious  injury.  This  practice  has 
probably  done  more  toward  the  creation  of  impenetrable  thickets  than 
any  othei',  for  a  large  number  of  the  pieces  which  are  cut  oS  strike 
i-Qot  and  grow, 

HANDLIKO   THE    PLANTS. 

The  species  of  cactus  which  in  fed  in  southeastern  Colorado  is  one 
of  the  so-called  tree  cacti.  The  spines  are  very  numerous  upon  this 
species,  rendering  it  difficult  to  handle,  so  an  ordinary  fork  is  used  to 
collect  and  handle  it  over  the  tire.  Some  feeders  employ  an  ax  in 
cutting  the  tree  down,  but  the  majority  of  them  use  a  fork  for  that 
purpose  also.  A  comparatively  small  pressure  of  the  fork  against  a 
large  limb  is  sufficient  cither  to  break  it  off  or  cause  it  to  split  at  the 
crotch,  when  it  («n  be  loaded  directly  on  the  wagon  which  is  driven 
along  for  this  purpose.  The  limbs  break  off  very  readily  when  they 
are  frosty.  If  collected  in  cool,  cri.sp  mornings,  therefore,  chopping 
is  not  necessary,  for  a  simple  pressure  of  the  fork  will  break  off  a 
lai^e  limb.  An  average  load  upon  a  hay  frame  will  weigh  2,000  to 
8,000  pounds.  This  the  collector  can  gather  and  throw  upon  the  wagon 
with  no  particular  attention  to  the  arrangement  of  the  plants,  a.s  with 


Fio.  1.— A  pe«r  fork. 

a  load  of  hay.  The  practice  in  vogue  requires  a  great  deal  of  handling. 
The  plants  are  first  loaded  on  the  wagon,  thrown  off  in  heaps,  forked 
over  at  least  twi<^«  in  the  singeing,  and  then  thrown  out  to  the  cattle 
to  feed  upon.  This  makes  not  less  than  four  handlings.  The  fend  is 
comparatively  easy  to  handle,  however,  a  large  branch,  such  as  is 
usually  obtained,  weighing  as  much  or  more  than  an  average  forkful 
of  hay. 

In  southern  Texas  the  handling  does  not  differ  very  materially  from 
that  described  for  southern  Colorado,  except  in  unimportant  details. 
Here,  on  account  of  the  peculiar  influence  of  the  Mexican  labor 
employed,  the  methods  are  often  very  primitive.  Instead  of  a  fork,  a 
.sharpened  or  forked  stick  is  often  used  in  gathering  and  hauling  the 
pear  of  this  I'egion.  In  feeding  to  the  pear  choppers  a  stick  is 
invariably  employed,  on  account  of  the  danger  to  the  knives  of  the 
machine  when  an  iron  fork  is  used. 

In  some  cases  a  specially  constructed  fork  (fig.  1)  is  used  hy  the 
freighters.  This  instrument  has  a  handle  much  like  an  ordinary 
pitchfork;  the  tine,  however,  is  single,  short,  stout,  and  sharply 
curved,  with  a  stout  buttress  or  projecting  arm  at  the  Imisb  to  prevent 
the  soft  joints  through  which  the  instrument  is  thrust  from  sliding 
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upon  the  handle  when  raised  above  the  operator  in  the  act  of  pitching 
upon  the  wagon.  None  of  these  was  aeen  upon  the  ranges,  but  such 
forks  were  commonly  used  by  the  wood  choppers  and  f  reight«rs. 

The  vast  majority  of  the  Mexicans  used  a  forked  stick,  and  this  is 
the  only  method  of  handling  which  was  observed  in  old  Mexico,  where 
ppAr  feeding  is  very  extensively  practiced. 

FEAB  HAOHXNEBT. 

So  far  as  the  writ«r  i^  aware,  all  pear  machines  that  have  been 
invented — and  there  ai-e  four  of  them — have  emanated  from  the 
country  tributary  to  San  Antonio,  Tex.  At  present  there  are  four 
machines  in  common  use,  two  choppers  and  two  torches,  ns  described 
below, 

ORKIIN   OF   I'flAR   MACIIINKRY. 

Dr.  W.  S.  Carruthers,  a  retired  army  surgeon,  is  said  to  have 
originat«d  the  idea  of  pear^^utting  machinery.  Doctor  Carruthers 
submitted  a  ,sket«'h  with  notes  to  a  foundryman  at  San  Antonio,  To\., 
who  put  the  idea  into  ineehanicwl  execution  about  1886  or  1887. 

The  Hrst  machine  was  constrimted  of  wood.  It  consisted  essentially 
of  a  vertically  mounted  revolving  wheel,  with  an  iron  band  :4hrunkcn 
upon  it  in  much  the  same  way  as  the  tire  of  a  wagon  wheel.  Knives 
for  cutting  the  pear  were  fastened  to  the  surface  of  this  wheel.  It 
was  not  essentially  diflfereni  in  principle  from  the  machines  of  more 
modern  construction.  Although  many  mechanical  improvements  on 
the  original  machine  have  been  made,  it  is  admitted  that  the  honor  of 
the  invention  belongs  to  Doctor  Carruthers,  who  not  only  de.signed 
the  original,  but  vraa  the  first  to  opemte  a  pear-cutting  machine. 

Mr.  T.  R.  Keck,  of  Cotoula,  Tex.,  who  wa.s  associated  with  Doctor 
Carruthers  during  his  ex]>orinicntation  with  his  first  machine,  reports 
that  the  first  machine  used  was  made  by  himself  out  of  boards  and  two 
old  hay  knives.  This  machine  was  used  one  winter  on  a  very  small 
scale  as  an  experiment  in  testing  the  efficiency  of  pear  and  cotton-seed 
meal  for  fattening  cattle.  The  following  winter  about  5,1100  hejid  of 
cattle  were  fed  upon  cotton-seed  meal  and  niachinc-cut  jiear.  Mr, 
Keck  reports  that  the  fir.st  homemade  machine  was  used  in  1S85,  as 
nearly  as  he  cau  remember. 

Since  the  invention  of  the  pear  choppers,  some  feeders  have  used 
some  of  the  standard  fodder  cutters  with  moderate  suecess.  It  is 
difficult  to  feed  pear  to  these  machines,  however,  for  thoy  are  not  run 
at  a  high  enough  rate  of  speed  to  get  rid  of  the  spines.  They  are  not 
suitable  for  handling  pear. 
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PEAR   CUTTERS. 

The  machine  shown  in  Plate  II,  figure  2,  consiste  essentially  of  a 
solid  cast-iron  wheel,  1  feet  in  diameter,  with  two  knives  arran^^d  at  a 
narrow  angle  with  the  radiu»  on  one  of  its  faces.  Behind  each  knife, 
hollowed  out  of  the  face  of  the  Holid  casting,  there  is  a  pocket  ext«nd- 
ing  the  length  of  the  radius.  The  front  face  of  this  wheel  is  plain, 
save  for  these  pockets,  which  receive  the  chopped  pear  and  carry  it 
out  of  the  machine.  These  are  li  inches  deep,  22  inches  long,  and  0 
inches  wide.  The  back  of  the  wheel  is  made  in'egukr  by  the  projec- 
tion of  the  knife  pockets,  radial  thickenings,  and  a  perimeter  2  inches 
wide,  for  strengthening  the  casting. 

The  knives  are  bolted  on  to  the  face  of  the  wheel  over  the  pockets, 
and  are  one-half  inch  in  thickness,  with  a  bevel  toward  the  wlieel.  In 
revolving,  the  knives  pass  a  shear  plate  which  is  adjustable  and  bolted 
into  the  frame. 

The  wheel  is  supported  vertically  on  a  horizontal  shaft  running  in 
boxes  supported  on  a  wooden  frame.  The  wheel  is  operated  by  a  pair 
of  gears  with  a  ratio  of  SJ  to  1,  the  shaft  of  which  is  squared  to  receive 
the  knuckle  of  the  horsepower  ground  rod.  The  main  shaft  also  ha.s 
sprockets  for  the  operation  of  the  carrier  chain.  To  it  also  may  be 
attached  a  pulley  for  the  adaptation  of  steam  power.  When  the 
machine  is  set  up,  a^^hort  chute  is  bolted  at  an  acute  angle  with  the 
face  of  the  vertical  wheel,  in  such  a  position  that  it  terminates  in 
the  same  horizontal  plane  as  the  axis  of  the  wheel.  The  pear  is  forked 
into  the  chute,  fed  against  the  face  of  the  wheel  with  its  revolving 
knives,  and  is  cut  and  mashed  into  small  pieces.  The  chopi>ed  mate- 
rial is  carried  down  in  the  pockets  and  dropped  into  a  carrier,  opei-ated 
upon  the  same  principle  as  the  common  straw  stacker,  which  carries 
the  chop  off  into  whatever  receptacle  is  provided  for  it.  This  is 
Msually  the  ordinary  wagon  box,  for  the  chop  is  hauled  directly  from 
the  machine  to  the  feeding  ground. 

The  machine  as  operated  by  Mr.  J.  C.  Crlass,  of  Eagle  Pass,  Tex., 
has  a  few  labor-saving  devices  attached  to  the  regular  construction 
as  shipped  from  the  factory.  L'pon  the  cutting  side  and  opposite  the 
horsepower  a  large  platform  about  3^  feet  high  is  constructed  to  reach 
up  to  and  partially  surround  the  wheel.  This  is  large  enough  to  hold 
one  day's  feed  of  uncut  pear,  which  is  thrown  on  to  it  from  wagons. 
From  this  platform  the  pear  is  fed  into  the  chute,  which  is  situated 
just  above  it.  Under  the  elevated  carrier  is  constructed  a  triangular 
box  of  about  the  same  capacity  as  a  double  wagon  box.  On  the  lower 
end  of  this  is  a  trap  gate  which  can  be  sprung  so  as  to  allow  the  chop 
to  slide  into  the  wagon  with  no  handling.  The  cost  of  the  machine, 
together  with  the  additional  construction,  is  about  $125, 
16170— No.  7 
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The  machine  has  never  beeo  worked  by  Mr.  Glass  to  its  fall  capac- 
ity, but  an  estimate  can  be  made  of  its  efficiency  from  the  opemtions 
during  the  drought  of  19()a.  At  that  time  an  average  of  seven  or 
eight  men  was  employed,  and  they  cut  pear  for  1,500  head  of  cattle. 
Ten  men  could  be  employed  to  better  advantage,  and  it  Ih  estimated 
that  this  number  could,  with  pear  conveniently  at  hand,  cut  a  full 
ration  for  2,00<>  head  of  cattle.  This  means  that  the  machine  would 
be  opemted  t«n  hours  a  day,  and  that  four  horses  would  be  neces- 
sary to  furnish  the  power.  The  machine  is  calculated  to  be  run  by 
two  horses,  but  four  operate  it  to  much  better  advant^^,  especially 
if  heavy,  old  pear  is  used  and  a  largo  amount  of  material  is  to  be  cut. 

It  wa^  the  practice  here  to  run  the  machine  only  about  six  hours  a 
day,  the  entire  crew  being  employed  in  cutting  and  feeding  and  in 
gathering  pear  from  the  field.  The  cutting  occupied  the  forenoon 
and  a  part  of  the  afternoon,  while  the  gathering  required  only  a  por- 
tion of  the  afternoon  of  each  day.  By  employing  men  enough  both 
to  run  the  machine  and  gather  the  pear,  thereby  operating  the  machine 
ten  h(»ure  a  day,  there  is  little  doubt  that  ten  men  could  feed  2,000 
cattle  a  full  ration.  Seven  men  constitute  the  operating  crew,  and 
three  4'an  supply  them  with  pear  if  the  haul  is  not  too  great. 

The  macrhinc  shown  in  Plate  III,  figures  I  and  2,  is  constructed 
throughout  of  iron.  It  has  a  36-inch  revolving  wheel,  in  which  three 
adjustable  knives  are  set  at  a  narrow  angle  with  the  radius  of  the  wheel. 
Behind  each  knife  are  set  cast-iron  pieces,  which,  bolted  upon  the 
wheel,  make  a  f)ox  24  inches  deep  opening  upon  the  periphery.  The 
entire  wheel  is  cased  in,  except  the  delivery  opening,  through  which 
the  chopped  |>ear  is  thrown  out  of  the  machine.  The  knives  cut 
against  a  shear  plate,  essentially  as  in  the  machine  first  mentioned,  and 
a  feed  hopper  or  chute  is  built  of  boards,  a.-*  described  for  that  cutter. 
No  carrier  is  used  with  this  machine,  for  the  centrifugal  force  of  the 
revolving  wheel  throws  the  cut  material  30  or  40  feet.  A  back  stop 
10  feet  high  is  usually  built  to  stop  the  chop,  where  it  can  be  shoveled 
up  handily. 

If  the  cutter  is  run  with  an  engine  and  fed  steadily,  the  centrifugal 
force  delivers  the  chop  into  a  wagon,  hut  with  a  horse  power  and 
unsteady  feeding  the  motion  is  not  uniform  enough  for  this,  and  the 
chop  must  be  shoveled  into  the  wagon.  The  wheel  makes  about  225 
revolutions  a  minute  when  operated  by  four  strong  animals.  It  is 
claimed  that  it  will  chop  20,000  pounds  of  pear  an  hour. 

Mr.  T.  A.  Coleman,  of  Encinal,  Tex.,  oi>etate8  this  cutter  with  an 
engine,  and  all  of  his  hauling  is  done  in  the  common  Mexican  ox  cart-. 
A  cover  is  constructed  of  lumber  to  fit  each  cart.  This  is  put  in  place 
and  fastened  down,  when  the  cart  is  backed  up  to  the  machine  in  such 
a  position  that  the  chop  is  delivered  into  the  rear  end,  which  is  left 
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open,  by  the  centrifugal  force  of  the  revolving  wheel.  In  this  way 
the  carts  are  not  only  thoroughly  but  uniformly  filled. 

While  the  pear  is  passing  through  the  machine  the  spines  become 
thoroughly  broken  up,  and,  being  lighter  than  the  pulpy  material,  are 
largely  winnowed  out  when  the  chop  passes  out  of  the  machine. 
Ranchers  report  that  this  is  very  noticeable  when  the  machine  is  in 
operation,  the  stream  of  broken  spines  and  lighter  material  being  quite 
effectually  sepai'ated  a  few  feet  from  the  machine. 

With  this,  as  with  the  other  machine,  it  is  necessary  to  build  a  plat- 
form and  a  feed  chute  from  which  the  pear  is  fed  with  sticks,  as  pre- 
viously described.  The  chute  is  in  the  form  of  a  flat  trough,  set  at 
an  angle  of  45  degrees  from  the  face  of  the  wheel,  its  base  being 
coincident  with  the  horizontal  diameter.  The  pear  to  be  chopped  is 
in  this  way  carried  into  the  machine  by  its  own  weight  for  the  most 
part,  but,  owing  to  its  straggling  method  of  growth,  its  passage  into 
the  machine  must  be  facilitated  by  the  use  of  crude  forks.  The 
machine  differs  from  that  shown  in  Plate  II,  figure  2,  in  being  con- 
structed of  iron  throughout,  in  being  smaller  and  more  compact,  in 
having  the  boxes  behind  the  knives  i-emovable,  and  in  utilizing  the 
centrifugal  force  of  the  wheel  in  discharging  the  chop. 

Both  machines  are  reported  to  be  very  efficient.  There  is  but  little 
alK>ut  them  to  wear  out,  and  they  are  reported  to  last  indefinitely. 

TEAR  BURNERS. 

Pear  burners  were  first  manufactured  in  1898.  As  now  u«ed  they 
are  essentially  a  modification  of  the  plumbers  torch. 

The  two  pear  burners  upon  the  market  are  very  similar  in  construc- 
tion and  are  both  efficient  machines,  ac<^ording  to  the  best  evidence 
that  it  has  been  possible  to  obtain.  They  consist  essentially  of  a  strong, 
well-riveted,  metal  t«nk,  which  in  actual  use  is  supported  upon  the 
shoulders  of  the  operator  by  a  strap;  a  long  delivery  pipe,  and  a  burner 
for  generating  and  consuming  gas  from  gasoline.  The  two  machines 
differ  only  in  minor  mechanical  contrivances  and  in  the  form  of  the 
burner.  It  has  been  found  by  experience  that  it  is  absolutelj'  essential 
that  the  tank  be  strongly  built  in  order  to  prevent  accident.  Several 
of  the  first  burners  used  were  too  light  in  construction  and  caused  seri- 
ous accidents.  It  is  said  that  one  or  two  men  were  killed  by  the  explo- 
sion of  the  tanks  and  the  burning  of  the  gasoline. 

The  distinguishing  features  of  one  of  the  pear  bumei-s  on  the  market 
are  the  turning  joints  of  the  deliverj-  pipe  and  the  simple  coiled-pipe 
burner,  which  is  covered  with  a  sheet-iron  cylinder  to  prevent  escape 
of  heat,  to  give  direction  to  the  flame,  and  to  protect  the  burner  in 
windy  weather. 

The  other  style  of  burner  differs  from  the  one  just  described  mainly 
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in  the  burner,  which  is  somewhat  more  complicated.  The  generated 
gas  in  this  machine  passes  through  a  chamber  filled  with  a  bundle  of 
tine  brass  wires  before  \teing  ignited.  It  also  has  some  safet}'  arrange- 
ments for  insuring  the  heating  of  the  oil  and  consequent  generatioD  of 
gas,  which  are  claimed  to  have  merit. 

Both  machines  require  gasoline  for  their  operation,  and  are  handled 
to  best  advantage  with  a  good  quality  of  oil  and  in  weather  free  from 
wind. 

Pi-actically  no  labor  is  necessary  with  the  burners  other  than  that  of 
passing  the  blast  flame  from  the  torch  over  the  surface  of  the  joints 
momentarily.  Indeed,  it  is  not  usually  necessary  to  do  this  with  over 
two-thirds  of  the  plant,  for  there  is  commonly  enough  dead  herbage 
at  the  base,  and  growing  up  through  the  pear  plants,  to  assist  in  burn- 
ing otf  at  least  one-half  of  the  spines.  Besides,  the  spines  are  com- 
monly less  numerous  upon  the  old  stems,  and  cattle  experience  but  little 
difficulty  in  eating  the  remainder  after  the  outer  two  to  four  joints  have 
been  freed  of  them.  The  process  of  singeing  the  joints  with  one  of 
thc.-4e  machines  is  therefore  not  a  laborious  or  expensive  one.  Indeed 
it  is  by  far  the  cheapest  method  yet  devised  for  utilizing  the  prickly 
{>ear.  It  has,  however,  one  or  two  disadvantages  which  are  discussed 
later. 

Cattle  brought  up  in  pear  pastures  do  not  have  to  be  taught  to  eat 
pear.  They  take  to  the  feed  very  natui-ally.  After  a  day  or  two  of 
feeding  the  sound  of  the  pear  burnei-s,  or  the  sight  of  smoke  when 
pear  is  burned  with  bi-ush,  brings  the  whole  herd  to  the  spot  immedi- 
ately, and  they  follow  the  operator  closely  all  d^y  long,  grazing  the 
pear  to  the  ground — old  woody  stems  and  all— if  the  supply  that  the 
operator  can  furnish  is  short. 

FEAR  FOK  XtUC  FBODUOTIOH. 

It  is  universally  recognized  throughout  the  pear  region  of  south- 
western Texas  that  the  plant  has  a  decided  tendency  to  increase  the 
flow  of  milk.  In  spite  of  the  fact  that  the  average  ranch  feeder  claims 
that  pear  is  of  little  or  no  value  in  the  summer,  there  are  hundreds  of 
people  who  feed  more  or  loss  definite  quantities  of  this  plant  from  one 
year's  end  to  another.  It  is  always  used  as  a  supplementary  ration. 
Pear  utone  has  not  been  fed  to  a  great  extent,  for  it  is  recognized  that 
it  is  properly  a  supplementary  ration  to  a  more  concenti-ated  feed. 
Mr.  .John  Bowles,  near  Eagle  Pass,  has  fed  pear,  with  hay  and  bran, 
to  a  miloh  cow  for  the  past  three  years  and  would  not  think  of  discon- 
tinuing the  practice.  Some  dairymen  in  the  .small  towns  where  pear 
is  accessible  feed  it  regularly,  and  nearly  all  of  the  Mexican  families 
who  keep  a  cow  in  town  depend  upon  this  as  their  mainstay. 

One  example  of  very  successful  feeding,  where  somewhat  definite 
data  were  obtainable,  came  under  the  observation  of  the  writer  and 
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might  be  cited  hei-e.  Mr.  Albert  Ingle,  of  Eagle  Push,  Tex.,  keeps 
one  Jersey  cow  to  supply  milk  and  butter  for  family  umc.  The  cow 
has  the  run  of  the  commons  aliout  town,  but  the  pastur^e  is  veiy 
short  the  greater  part  oi  the  time.  In  addition  to  what  she  can  pick 
up  in  this  way  i^he  is  fed  3  quart.s  of  bran,  1  quart  of  cotton-seed  meal, 
and  all  the  singed  and  chopped  pear  she  will  eat.  Mr.  Ingle  was  feed- 
ing when  his  place  was  visited.  The  quantity  chopped  that  morning, 
he  stated,  was  an  average  one,  and  weighed  35  pounds,  which  amount 
was  fed  twice  each  day.  The  cow  at  the  time  was  raising  a  calf  and  fur- 
nishing milk  for  the  family,  and  was  in  good  milking  condition.  This 
shows  that  the  amount  of  pear  fed  was  large.  The  ration  each  day 
was  6  quarts  of  bran,  2  quarts  of  cotton-seed  meal,  70  pounds  of 
chopped  pear,  and  what  the  animal  was  able  to  pick  up  on  very  short 
range.  This  ration  is  kept  up  during  the  year,  except  when  the 
mesquite  ))eans  are  abundant,  when  no  pear  in  fed. 

The  experience  of  Mr,  Alexander  Sinclair  appears  to  be  exhaustive 
and  intelligent.  He  does  not  claim  for  pear  any  great  feeding  value, 
bat  he  uses  it  entirely,  he  says,  for  the  succulence.  So  far  as  feed  is  con- 
cerned, even  roughage  of  some  other  kind  could  be  fed  cheaper,  but  as  a 
succulence  for  milk  production  there  is  but  little  that  can  be  secured 
during  the  winter.  Attempting,  as  he  does,  to  maintain  an  equal  milk 
and  butter  production  during  the  entire  year,  green  feed  is  essential 
for  winter  use.  This  is  fuinished  by  the-  prickly  pear,  which  is  fed 
during  that  portion  of  the  year  when  there  is  no  green  feed.  During 
a  portion  of  the  summer,  succulence  is  secured  from  the  native  grasses. 
When  these  dry  up  green  sorghum  is  fed,  and  during  the  remainder 
of  the  year  prickly  pear.  In  spite  of  the  fact  that  the  range  feeders 
taboo  the  pear  after  it  begins  to  grow,  Mr.  Sinclair  has  fed  it  well  into 
May  with  good  i-esulta. 

The  ration  of  a  cow  during  the  winter  is  about  as  follows:  Cotton- 
seed meal,  3  pounds;  brewers'  gi-ains,  9  pounds;  pear,  100  pounds. 

Besides  the  above,  the  cows  have  the  run  of  brushy  pastures  and  are 
able  to  pick  up  much  in  the  form  of  dry  grass  and  browse.  The 
quantity  of  pear  fed  is  only  an  estimate,  but  is  thought  to  be  very  close 
to  the  amount  which  an  average  cow  gets.  Even  with  this  apparently 
large  amount  of  pear  the  animals  never  get  all  they  want  of  it.  With 
this  feeding  the  milk  production  is  greater  in  the  winter  than  in  the 
summer  when  the  cattle  are  on  good  grass.  This,  however,  is  not 
considered  to  be  due  to  any  peculiar  advantage  of  the  pear  over  the 
native  grass,  but  rather  to  the  unfavorable  temperature  and  the  annoy- 
ance of  insect  pests  in  summer. 

Originally  it  was  the  custom  to  chop  the  pear  with  a  pear -cutter, 
but  during  the  past  winter  it  was  hauled  a  distance  of  six  miles, 
unloaded  in  long  rows  in  the  feeding  lots,  and  singed  with  a  pear 
burner. 


idbyGoOglC 


22  THE   PRICRLY   PEAR   AH   FOOD   FOB   8T00K. 

Mr.  Thomiia  Diig^r,  of  Hoohne,  Colo.,  has  fed  the  common  tree 
cactus  of  that  region  to  milk  cows  with  good  success.  The  informa- 
tion secured  from  Mr.  Duj^r,  wliilfi  not  so  definite  as  that  which  one 
is  able  to  obtain  from  the  dairymen  around  San  Antonio,  Tex.,  where 
the  feeding  is  better  established  and  not  so  much  of  an  experiment, 
nevertheless  indicates  that  the  cane  cactus  of  this  region  is  probably 
as  good  feed  for  milk  production  as  prickly  pear.  Cactus,  singed 
with  brash,  has  been  fed  with  a  good  quality  of  hay  for  two  or  three 
winters  with  what  is  iwnsidered  good  results.  Doubtless  some  con- 
centrated feed  stuff,  such  as  cotton-seed  products,  or  corn  chop,  would 
add  very  materially  to  the  quality  of  the  ration  for  milk  production. 

SOME  DAIBT  RATIONS  INCLimiNO   PEAR. 

The  practice  of  feeding  dairy  cows  upon  a  partial  ration  of  pear  is 
very  common — indeed,  general— in  the  entire  region  of  the  lower  Rio 
Grande,  and  as  far  north  as  San  Antonio,  Tex.  The  necessity  for  feed- 
ing this  plant  depends  upon  the  condition  of  the  seasons.  When  the 
winter  rains  are  abundant  and  green  feed  is  plentiful  no  pear  to  speak 
of  is  fed;  but  during  a  dry  winter  it  is  resorted  to  as  the  most  economi- 
cal method  of  supplying  the  succulence  so  essential  to  the  maintenance 
of  a  good  flow  of  milk.  The  amount  fed  depends  largely  upon  the  quan- 
titj'  of  pear  available  and  the  labor  at  band  for  handling  it.  In  some 
cases  which  have  coDie  under  the  writer's  direct  observation  the  pear 
has  been  liauled  six  miles  to  feed  to  dairy  cattle,  and  it  is  as  much 
prized  by  many  dairymen  as  any  other  part  of  their  feedstuffs. 

Mr.  J.  W.  Statcher  feeds  100  dairy  cows  regularly  for  three  or  four 
months  during  the  winter.  The  feeding  begins  when  the  leaves  fall  off 
the  brush  in  the  autumn,  and  continues  until  they  appear  again  in  the 
spring.  The  ration  for  a  cow  is  about  as  follows:  Cotton-seed  meal, 
2  pounds;  cotton-seed  hulls,  8  pounds;  bran  of  wheat  or  rice,  1  gallon; 
singed  pear,  40  pounds;  the  run  of  brush  pasture. 

Mr.  J.  G.  Hagenson's  practice  does  not  differ  materially  from  that 
of  Mr.  Statcher.  Having  no  pear,  however,  he  buys  it  at  25  cents  per 
load,  a  load  consisting  of  about  2,000  pounds.  His  cattle  get  a  ration 
approximately  as  follows:  Bran,  9  pounds;  cotton-seed  hulls,  10  pounds; 
singed  pear,  30  to  40  pounds;  the  run  of  dry-brush  pasture. 

In  order  to  secure  a  better  idea  of  the  practices  in  vogue  in  feeding 
pear  in  the  vicinity  of  San  Antonio  than  time  for  personal  inquiry 
would  warrant,  a  circular  letter  was  addressed  to  several  dairymen. 
The  following  questions  and  answers  in  connection  with  the  above  dis- 
cussion give  a  good  idea  of  the  practices  which  obtain  and  the  estimate 
pUced  upon  the  prickly  pear  of  the  region  as  a  succulence  for  milk 
production.    Answers  to  the  questions  proposed  were  furnished  by 
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Meveral  dairymen.     The  following  are  considered  typical,  and  are 
reproduced  here  practically  in  full: 

(1)  Do  you  feeil  prickly  pear  to  your  ilftiry  herd?  How  luany  years  hae  this 
practice  been  followed? 

An»u<ert. — (a)  During  the  winter  months  only.  (6)  I  do  in  winter;  five  years. 
(r)  Yen;  For  foarteen  yeant.  (d)  Yes;  have  led  oB  and  on  f'>r  a  number  of  yeara. 
{f)  Yew;  during  the  winter  time;  for  about  twelve  yeare.  (/)  1  have  fed  prirkly 
l>)<ar  to  my  dairy  rnwti  for  nine  yearfi. 

(2)  How  long  did  you  feed  during  tlie  past  winter? 

Ajtrtcen.^d)  About  fourteen  weeka  (6)  All  winter,  (r)  All  winter,  (d)  Did 
not  feed  pear  last  winter,  becauae  other  feedn  were  very  cheap,  (e)  None  at  all.  (/) 
IKd  not  feed  during  the  past  winter,  on  account  of  having  moved  to  a  pla(«  where  it 
me  inconvenient  to  get  it. 

(3)  How  do  you  prepare  prickly  pear  lor  feeding? 

Atitwen, — {a)  Make  bnish  fire  and  bum  Ihorna  off,  (b)  I  use  a  pear  burner. 
(e)  Singethe  thomBoff  and  cut  it  up,'  (if)  I  run  the  pear  through  a  pear  cutterand 
mix  with  cotton-Heed  meal  and  hulls,  {e)  Bum  the  thorns  off;  then  chop  in  small 
pieces.  (/)  I  first  bum  off  the  thorns  with  a  dry  brush  fire,  and  then  cut  into 
small  pieces  with  a  large  carving  knife. 

(4)  How  much  pear  do  you  feed  a  cow  each  day?  H  you  do  not  know  the  exact 
number  of  ponnds,  estimate  it  as  closely  aa  poenible.  How  many  loads  per  day  do 
you  feed  to  how  many  cows? 

Amv:er». — (a)  I  feed  about  two-thirds  of  a  common  water  bucket  full  to  each  cow 
in  the  morning,  {b)  Igive  thecowflasmuch  asthey  can  eatonceaday.  (r)  About 
10  or  15  pounds  per  cow.  (d)  I  feed  1}  bushels  to  a  cow  each  day.  (e)  One  load 
of  about  .'^,000  pounds  lasts  16  cows  about  three  ilays.  (/)  I  give  each  cow  about 
6  gallons  of  pear  cut  up  into  pieces  about  2)  inches  square. 

(5)  What  other  feeds  do  you  give  the  cows  with  [war?  How  much  of  each  kind 
of  feed  per  cow? 

Anruiert.  —  (a)  I  feed  Cotton-seed  meal  and  bran.  (/>)  Bran  and  cotton-seed  meal. 
(c)  One  quart  of  cotton-seed  meal,  1  peck  of  cotton-seed  hulls,  and  all  the  cane 
they  want,  (d)  One  quart  ol  cotton  seed,  1  quart  of  cotton-seed  meal,  and  20 
pounds  of  hulls  per  day.  (t]  One  and  one-half  quarts  of  cotton-seed  meal,  8 
qnarts  of  wheat  bran,  20  pounds  of  cotton-seed  hulls.  (/)  I  give  my  cows  10  pounds 
per  day  of  a  mixture  of  cotton  need  and  wheat  bran,  in  addition  to  the  6  gallons  o! 
prickly  pear. 

(6)  Do  your  cows  have  the  run  of  any  pasture  while  yon  feed  pear? 
An»am.—{a)   Yes.     (6)  Yes.     (c)  Yra.     {d)  No.     {t)  Very  little.     (/)  Yes. 

(7)  Do  you  consider  that  pear  infinences  the  flavor,  odor,  or  quality  of  the  milk  in 
anyway? 

Antwert. — (a)  It  does  if  fed  more  than  two-thirds  of  a  common  water  bucket  full  to 
each  cow  in  the  morning,  or  in  any  other  way.  Feeding  at  night  affects  the  odor  oC 
the  milk  slightly  and  gives  butter  a  pale  color.  (6)  It  increases  the  quantity  of  milk 
40  per  cent,  (c)  It  doee  not  aRect  the  flavor  or  color,  but  it  may  reduce  the  weight 
or  richness  of  it.  It  increases  the  quantity,  (if)  Ko;  I  do  not  think  it  influences  the 
flavor,  odor,  or  quality  of  the  milk  at  all  when  fed  as  I  have  mentioned,  (e)  When 
loo  much  pear  is  fed,  and  not  enough  solid  feed,  the  milk  has  a  peculiar  odor,  is  very 
poor  in  quality,  and  blue  in  color.  (/)  Prickly  pear  does  not  injure  the  flavor  of  the 
milk.    It  increases  the  flow.    Cattle  are  very  fond  of  it. 

(8)  Do  you  have  pear  in  your  pastures,  or  do  you  buy  it?  If  you  buy,  how  much 
do  yon  pay  per  loail? 
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Antwert. — (a)  I  have  it  in  my  pastures,  (b)  I  have  pear  in  my  pastures,  (c)  Yen. 
(d)  I  buy  it  at  25  cents  per  load  and  haul  it  myaeK.  («)  I  buy  my  pear.  It  costs 
me  25  cents  per  load  ot  3,000  pounds.  I  haul  it  mysell.  (/)  I  have  pear  in  my 
paotnree. 

(8)  What  is  your  estimate  ot  the  value  of  pear  for  milk  production? 

Awnc^e. — (a)  I  consider  pear  very  valuable  as  a  feed,  and  it  is  a  good  mltk  pro- 
ducer. It  is  very  healthful  to  be  fed  with  cotton-eeed  meal,  etc.  (b)  [No  answer.] 
(r)  It  is  far  ahead  of  any  kind  of  hay  or  forage,  and  mixed  with  meal  or  bran 
nothing  csn  beat  it.  (d)  Is  a  goo<l  milk  and  butter  producer,  (e)  A  very  good  feed 
when  you  have  no  roughage.  (/)  It  does  not  pay  to  buy  pear  unless  hay  is  scarce 
and  dear.  When  sorghum  hay  is  only  $7,60per  ton.aBit  is  now,  hay  is  cheaper  than 
pear  at  25  cents  per  load  when  you  have  to  haul  and  burn  it. 

( 10)  After  a  crop  of  pear  has  been  cut,  how  many  years  will  it  take  for  another 
crop  to  grow  on  the  xame  land? 

Anxefrs. — (a)  About  two;  bat  this  will  depend  a  good  deal  on  the  season.  Pear 
burners  are  discarded  by  some,  for  the  reason  that  they  destroy  the  plant.  (6)  The 
pear  b^ns  to  grow  the  following  year.  (<?)  Three  years,  {d)  It  takes  from  three 
to  five  years  to  make  good -siied  pear,  [f)  Idonot  know,  but  think  about  two  years, 
(/)  About  two  years. 

It  is  very  difficult  to  formulate  a  definite  opinion  regarding  tlie 
effect  of  pear  upon  the  quality  of  milk.  There  appears,  however,  to 
be  a  very  well-e»jtablished  opinion  that  it  produces  blue  milk  if  not  fed 
with  concentrated  feeds.  There  tteems  to  be  a  great  diversity  of  opin- 
ion regarding  the  flavor  of  milk  from  pear-fed  cows.  Many  maintain 
stoutly  that  it  produces  a  slightly  bitter  taste,  which  is  less  noticeable 
when  a  good  ration  of  corn  or  cotton-seed  meal  is  added,  while  others 
defy  testa  that  will  detect  in  any  way  pear  milk  from  any  other  except 
by  its  poorer  quality  in  cases  where  the  amount  of  pear  fed  is  lat^ 
and  tlie  entire  ration  is  of  low  nutritive  value.  Personally  the  writer 
has  been  unable  to  verify  any  of  these  opinions. 

PEAK  FOB  FATTENINQ  A2n>  MAIHTAIHINO  CATTLE. 

Since  the  early  days  when  teaming  was  much  more  extensively  prac- 
ticed than  at  the  present  time,  the  bulk  of  the  pear  feeding  in  southern 
Texas  has  been  done  either  to  maintain  stock  or  to  prepare  them  for 
the  market.  While  feeding  cactus  to  dairy  cows  and  work  oxen  is 
common  all  over  the  pear  region,  the  amount  fed  for  these  purposes 
is  ini^ignificant  compared  with  that  used  for  maintenance  and  fattening. 
By  far  the  greatest  amount  is  fed  as  an  emergency  ration,  to  keep  cat- 
tle alive  during  a  severe  and  prolonged  drought.  For  this  purpose  its 
value  can  not  well  be  overestimated,  for,  aj*  has  been  aptly  said  by 
many  i-anchers  consulted  during  the  past  year,  pear  often  means  the 
difference  between  live  and  dead  cattle,  A  drought  of  from  four  to 
seven  months,  as  ^sometiines  occurs,  in  a  country  which  has  no  sod  to 
speak  of  and  where  a  large  portion  of  the  grazing  is  furnished  by 
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nnnual  plants  of  short  duration,  jm  fraught  with  st^iious  conwquciu'es 
to  the  sUx^k  industry.  A  raQuhor  works  faithfully  h  fourth  of  lii.i  life- 
time to  get  hiti  herd  up  to  the  desired  standard  of  numl>ers  and  quality 
when  a  drought  strikes  him  and  be  is  obliged  to  sacrifice  possibly  his 
entire  herd.  He  naturally  waits  for  the  weather  to  change  from  week 
to  week,  until  his  animals  get  into  such  a  condition  that  be  dar^s  not 
move  them,  and  they  are  then  in  too  low  a  condition  physically  to  lie 
disposed  of  at  anything  like  what  they  are  worth,  to  aay  nothing  about 
what  they  have  co^t  him.  In  such  a  plight  he  loses  everything,  or 
sells  out  at  a  figure  which  practically  means  an  entire  loss,  when  it  is 
almost  certain  that  if  he  could  keep  his  animals  alive  for  a  month  or 
two  there  would  be  feed  again  and  he  would  be  out  of  danger.  It  is 
this  uncertainty  of  the  seasons  which  has  often  made  the  grazing  of 
native  pasture  both  hazardous  and  expensive  in  the  Southwest.  The 
lancher  with  small  means  is  often  caught  with  his  cattle  so  poor  that 
he  can  not  think  of  moving  them  to  better  pastures,  even  if  he  has  the 
means  and  can  tind  the  feed.  He  waifc*  day  after  day,  hoping  for  rains 
which  do  not  come,  until  his  stock  b^ins  to  die  front  starvation. 
Then  it  is  too  late  to  remove  them  to  new  pastures,  for  experience 
teaches  that  working  or  driving  starving  animals  is  invariably  pro- 
ductive of  tremendous  losses. 

It  is  in  an  emergency  of  this  kind  that  the  prickly  pear  and  other 
forms  of  cactus  become  a  boon  to  the  rancher.  It  is  owing  to  the 
existence  of  the  prickly  pear  that  the  success  of  the  rancher  in  south- 
ern Texas  is  largely  due.  A  score  of  ranchers  have  acknowledged  to 
the  writer  during  the  past  year  that  were  it  not  for  pear  they  would 
have  to  move  their  cattle  out  of  the  country  once  every  four  or  five 
years  on  account  of  droughts.  Theoretically,  a  rancher  can  safely 
stot^k  his  pastures  to  their  capacity  during  the  years  of  poorest  pro- 
duction only,  for  the  weakest  link  in  his  monthly  chain  of  feed 
measures  his  strength  in  the  stock  business.  For  what  matters  it  if 
he  can  accumulate  a  herd  of  500  head  of  cattle,  if  a  six  months'  drought 
causes  a  loss  of  30  or  60  per  cent  in  his  herd  t 

With  plenty  of  pear  or  other  cacti  in  his  pastures,  however,  this 
danger  is  largely  removed.  He  has  in  this  crop  a  feed  which  does  not 
deteriorate  if  not  used  for  three  or  four  or  even  ten  years;  it  is  as 
good  at  one  time  as  another,  and  can  be  fed  by  him  at  a  couple  of 
days'  notice  under  any  circumstances,  although  it  is  the  general  belief 
that  it  is  much  more  valuable  in  winter  than  in  summer, 

A  brief  report  of  feeders  in  various  portions  of  southern  Texas  will 
be  to  the  point  at  this  juncture.  None  of  these  has  accurate  accounts 
of  his  feeding.  Everything  is  pure  estimate,  almost  entirely  from 
memory,  but  the  accounts  which  follow  are  based  upon  statements 
of  responsible   feeders,   whose  estimates  are   as  accurate   as  could 
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1)0  obtained  witliout  dc^nitely  planned  Gxperimenb^.  Their  experi- 
cnce.'i  are  uf  }fn'ut  vatui-  in  planning  future  investigations  and  in  sug- 
gesting to  those  who  have  not  had  experience  how  best  to  proceed  in 
feeding  these  plant;). 

The  Messrs.  Furnish,  of  Spofford,  Tex.,  have  fed  pear  three  win- 
ters. Two  yeara  ago  they  simply  cut  the  cactus  with  a  pear  cutter 
and  fed  it  in  troughs  with  two  pounds  of  cotton-.'^eed  cake  a  day  for 
each  animal.  The  following  winter  they  scorched  it  with  brush  in  the 
tieid  and  then  chopped  and  fed  it  in  the  same  way.  Their  experience 
appears  to  indicate  that  chopping  does  not  destroy  the  spines  suffi- 
ciently to  prevent  injury  from  them.  During  the  first  year  tbej  were 
feeding  pear  they  lost  many  calveii  and  they  attributed  the  loss  to  tiiis 
cause.  They  are  confident:  that  there  is  no  danger  for  older  stock. 
They  experimented  with  a  pear  burner,  but  were  not  pleased  witib 
it,  as  their  machine  used  up  about  a  gallon  of  gasoline  per  hour  under 
careful  manipulation,  and  with  the  employment  of  cheap  Mexican 
labor,  much  more.  They  di.'^carded  their  machines  and  put  the  men 
at  work  singeing  with  brush,  which,  on  account  of  the  irresponsible 
labor  available,  they  considered  much  more  economical. 

There  are  various  waya  of  harvesting  cactus.  These  people  employ 
one  or  two  men  to  cut  the  [)eai'  off  with  a  hoe,  and  then  another  gang 
come.s  along  and  loads  it  on  a  wi^on  fitted  usually  with  a  hay  frame. 
The  felled  pear  is  handled  with  forks,  and  from  a  ton  to  a  ton  and  a 
half  constitute  a  load,  Thi»«  is  then  hauled  to  the  machine  and  chopped 
up.  A  machete  is  sometimes  employed  for  cutting  the  cactus  off  at 
the  ground. 

it  is  claimed  that  the  old  stocks  are  much  more  nutritious  than  the 
younger  joints.  An  effort  is  made,  therefore,  whenever  extensive 
feeding  is  done,  to  go  into  the  thickest,  rankest  pear  areas  and  cut  the 
plants  off  at  the  surface  of  the  ground  in  order  to  get  as  much  of  the 
old  stumps  as  possible.  What  relation  there  is  between  the  young 
joints  and  these  older  stocks  should  be  determined  chemically  as  soon 
as  possible,  in  practice  it  is  always  considered  that  the  older  joints 
and  stalks  are  most  nutritious. 

The  chop  is  loaded  on  tow^ons  and  hauled  to  the  feeding  lot,  where 
it  is  fed  in  large  flat-bottomed  troughs,  3  feet  wide  and  8  inches  deep, 
the  cotton-seed  meal  being  sprinkled  over  tbe  chop  at  the  rate  of  about 
2  pounds  for  each  animal  a  day. 

The  first  winter  feeding  wbs  done  steadily  for  two  months,  and  the 
cattle  were  given  all  the  pear  tliey  would  eat,  together  with  2  pounds 
of  cotton-seed  meal.  Ail  stock  bad  a  limited  run  of  brush  pastures. 
After  this  first  period  of  two  months  was  up  they  fed  a  bunch  of  the 
poorer  animals  for  two  or  three  weeks  longer  until  they  got  strong. 
These  were  then  turned  on  to  native  pa-^tures  to  "rustle"  for  them- 
selves, while  another  bunch  of  weaker  one's  was  fed  two  or  three  weeks 
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longer.  It  is  a  very  c<mmioii  pnictwre  throughout  the  pe»r  region  to 
feed  only  the  poorer  stock.  The  hei-d  is  worked  over  every  few  days 
for  the  purpose  of  cutting  out  those  animalu  which  lire  weak  and  moot 
in  need  of  feed.  These  are  fed  until  they  get  on  the  mend,  and  are 
then  turned  out  to  "rustle"  for  themselves  in  the  pastures,  while 
another  bunch  is  fed  in  their  place.  Very  often  all  that  is  attempted 
is  to  keep  stock  alive  until  grass  begins  to  grow. 

Pear  is  considered  good  roughage  in  time  of  need  in-this  vicinity, 
although  no  one  regards  it  as  a  nutritious  feed  and  all  prefer  to  give 
even  the  stock  which  they  are  only  attempting  to  carry  through  the 
winter  some  concentrated  feed  with  it.  It  is  imposidble  to  estimate 
the  total  quantity  of  pear  fed  by  the  Messrs,  Furnish. 

Three  years  ago  Mr.  M.  T.  Cogley,  of  Laredo,  Tex.,  fed  40  head 
of  cattle  for  ninety  days  on  a  daily  ration  fur  each  animal  of  1  quart 
of  cotton-seed  menl,  increased  to  3  quarts  as  feeding  progreHsed,  and 
200  pounds  (estimated)  of  pear,  chopped  with  machetes.  Three  men 
did  the  feeding  and  hauling.  The  animals  fattened  well,  but  it  is 
believed  they  were  held  too  long  for  the  best  results.  They  are  sup- 
posed to  have  weighed  about  50  pounds  less  than  would  have  been  the 
caae  ten  days  earlier.  The  falling  off  is  thought  to  be  due  largely  to 
too  prolonged  feeding  of  cotton-seed  meal,  but  also  to  some  extent  to 
wet  weather,  which  made  the  pastures  bc^gy. 

Mr.  T.  A.  Coleman,  of  Encinal,  Tex.,  is  among  the  most  extensive, 
if  not  really  the  largest,  feeder  of  pear  in  Texas,  and  his  experience  ia 
as  varied  as  any  in  the  country.  His  feeding  has  been  done  both  to 
save  cattle  and  to  fatten  them,  and  both  operations  have  been  con- 
ducted with  uniform  success.  During  the  past  winter  four  methods 
of  feeding  were  employed: 

(1)  One  lot  of  steers  was  fed  in  a  closed  pen.  When  feeding 
began  they  were  given  3  pounds  of  cotton-seed  meal,  which  wan 
gradually  increased  to  6  pounds  as  the  feeding  progressed.  The  pear 
they  ate  waschopped  and  fed  to  them  in  troughs  at  the  estimated  rate  of 
80  pounds  to  a  feed,  or  160  pounds  a  day.  During  the  last  ten  days  each 
received  about  S  pounds  of  sorghum  fodder  a  day.  The  feeding  con- 
tinued seventy  days,  and  Mr.  Coleman  and  his  men  assert  that  they  never 
saw  stock  fatten  in  Itctter  shape  than  did  these;  while  Mr.  Cameron, 
a  buyer  with  a  varied  experience,  authorizes  the  statement  that  they 
were  far  above  the  average  of  fleshy  cattle  in  that  section. 

(2)  In  one  pasture,  cattle  were  fed  pear  scorched  with  a  gasoline 
torch  and  were  allowed  free  access  to  cotton-seed  cake  in  a  self-feeder. 
The  cake  feeding  in  this  experiment  was  especially  unsatisfactory,  and 
the  use  of  the  self-feeder  will  be  discontinued.  These  cattle  had  the 
run  of  dry  grass  pasture  in  addition  to  the  (»ke  and  pear  fetl. 

(3)  A  third  lot  was  fed  cotton-seed  cake  in  a  self-feeder,  and  allowed 
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the  run  of  dry  pasture  eontaiiiin^anabiindiinceof  pear,  of  which  stock 
cat  a  great  deal  during  the  winter  without  any  preparation  whatever. 

(4)  A  fourth  lot  was  fed  similarly  to  the  first,  except  tliat  only  one- 
lialf  of  the  amount  of  meal  vaa  used.  These  cattle  were  held  in  a  iai^ 
pa-vture  also. 

The  first  of  these  methods  is  said  to  have  proved  by  far  the  most 
satisfactory.  Some  idea  of  the  extent  to  which  pear  ia  resorted  to  in 
times  of  dixiught  can  be  had  from  Mr.  Coleman's  operations  during 
the  drought  of  1901-2.  From  the  latter  part  of  November  to  the 
6th  of  May,  four  pear  cutters  and  twenty  pear  burners  were  in  con- 
stant operation.  Besides  these,  there  were  employed  as  many  as  50 
men,  who  traveled  through  the  pear  thickets  with  machetes,  cutting 
the  pear  down  so  that  cattle  could  get  into  it  and  feed  upon  it  without 
further  preparation. 

In  some  respects  Mr.  Samuel  Wolcott's  experience  has  been  as  varied 
and  definite  as  any  which  ha:^  come  under  the  writer's  observation. 
The  methods  which  he  has  finally  adopted  for  his  work  are  consider- 
ably at  variance  with  the  practices  of  other  Americans.  Instead  of 
using  machinery,  he  chops  all  the  pear  he  feeds  with  machetes,  and  all 
pear  is  scorched  on  a  brush  fire  just  enough  to  take  off  the  thorns. 
His  method  increases  the  labor  of  handling  considerably  in  some  ways; 
but  having  to  entrust  the  work  largely  to  an  unintelligent  class  of 
labor  Mr.  Wolcott  believes  that  the  additional  expense  of  using 
machinery  with  .such  labor  would  be  greater  than  the  additional  cost 
of  using  the  machete  and  brush  tires. 

It  has  been  his  practice,  in  feeding  for  beef,  to  turn  the  stock  into  a 
pasture  of  considerable  size  in  the  morning;  there  they  get  a  lai^ 
picking  of  gi-ass  and  some  browse.  While  thej'  are  in  the  pasture  the 
day's  ration  is  prepared.  The  troughs  are  cleaned  and  tilled ;  the  pear 
is  singed,  put  in  the  troughs,  and  chopped,  and  cotton-seed  meal  is 
sprinkled  over  it  at  the  rate  of  from  3  to  6  pounds  for  each  animal.  It 
was  the  practice  during  the  past  winter  to  feed  3  pounds  for  thirty 
days,  4  pounds  for  thirtj'  days,  and  6  pounds  for  thirty  days,  making 
in  all  ninety  days'  feeding.  It  requires  about  tun  days  to  get  the  cattle 
into  the  habit  of  eating  out  of  a  trough,  so  that  the  feeding  period 
really  extends  over  a  period  of  about  one  hundred  days.  In  reality  the 
feeding  period  is  governed  largely  by  the  condition  of  the  feed  in  the 
pastures.  The  cattle  are  turned  out  on  to  grass  after  ninety  days  of 
pear  feeding.  One  pasture  is  reserved  for  finishing  cattle  which  have 
been  fed  pear  and  cotton-seed  meal  during  the  winter.  This  pa.sture 
is,  therefore,  always  in  good  condition;  but  the  intention  is  to  feed  .so 
that  the  period  of  ninety  days  will  be  up  about  the  time  that  grass  is 
in  good  shape  in  the  spring.     The  cattle  are  marketed  off  of  grass. 

The  feeding  of  125  head  was  done  by  Ihree  Mexicans  and  a  foreman. 
Were  it  not  for  cheap  labor  the  cost  of  pear  feeding  in  this  way  would 
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be  considerable.  With  cheap  labor,  however,  even  tliia  method  is 
profitable  in  average  years.  This  spring,  cattle  were  fed  on  grass  for 
two  months  after  the  pear  feeding,  but  in  an  average  year  they  are 
»old  after  four  weeks^  run  on  grass.  The  reason  for  the  longer  period 
this  year  was  the  prolonged  drought  of  the  spring  season,  which  made 
pear  feeding  much  less  profitable  than  usually  is  the  case. 

It  is  Mr.  Wolcott's  practice  to  ship  off  grass  or  some  other  than  the 
pear  and  meal  ration,  on  account  of  the  large  shrinkage  which  the  stock 
suffers  after  this  kind  of  feed.  If  it  were  possible  to  furnish  a  partial 
ration  of  hulls  to  supplant  a  portion  of  the  pear,  he  thinks  that  feeding 
would  be  very  much  more  satisfactory;  but  it  is  to  get  rid  of  the 
expense  of  the  hulls  that  the  pear  is  resorted  to. 

In  all  cases  in  southeastern  Colorado,  as  in  Texas,  only  a  partial 
ration  of  cactus  has  been  fed.  In  some  cases  the  remainder  of  the  feed 
has  been  supplied  in  the  form  of  com  chop,  and  in  others  cattle  have 
had  the  run  of  poor  pastures,  as  is  almost  universal  in  Texas.  Mr. 
E.  M.  Bages,  of  Trinidad,  Colo.,  during  the  past  winter  fed  his  40 
head  of  cattle  1,000  pounds  (estimated)  of  cactus  per  day.  He  states 
that  the  pastures  were  so  short  that  all  the  cottonwood  leaves  (/'"yw/w* 
sp.)  which  had  fallen  during  the  past  winter  were  cleaned  up.  They, 
however,  got  some  grass  as  well  as  gr^easewood  {SarcolMititis  vL-rmicu- 
latiu)  and  shad-scale  (Atriplct  ciine><trnii)  browse.  His  practice  was  to 
gather  one  load  of  about  ^,<IUO  pounds  of  cactus  on  alternate  days. 
The  spines  were  singed  off  over  an  open  fire  of  dead  poplar  wood. 
The  stock  were  in  jxjor  condition  when  the  ranch  was  visited,  about 
the  middle  of  April,  but  it  is  very  {[uestionable  whether  they  would 
have  been  able  to  live  at  all  without  this  additional  feed. 

Mr.  J.  M.  John,  of  Trinidad,  Colo.,  who  is  the  only  person  in  this 
country  known  to  have  steamed  any  of  the  cactus  plants  for  cattle, 
reports  that  he  had  good  success  one  winter  in  feeding  daily  to  each 
animal  30  pounds  of  steamed  cactus  and  4  pounds  of  corn  chop, 
together  with  a  small  ration  of  hay.  A  lot  of  poor  cows  was  made 
into  beef  between  the  first  of  January  and  the  middle  of  April  upon  a 
somewhat  larger  ration  than  the  above.  These  data,  while  not  so 
definite  as  one  could  wish,  are  suggestive  and  form  a  splendid  basis  for 
future  work. 

PEAK  AS  A  HOO  FEED. 

While  several  reports  have  come  to  us  thi-ough  the  Agricultural 
Gazette  of  New  South  Wales  regarding  the  feeding  of  prickly  pear  to 
hogs,  there  appears  to  have  been  but  little  attention  paid  to  it  for  this 
purpose  iu  this  country.  The  only  place  known  to  us  where  pear  has 
been  fed  successfully  to  hogs  is  at  the  a«ylum  in  San  Antonio,  Tex, 
The  feeding  here  is  done  in  such  a  way  that  the  data,  while  valualilo, 
give  very  little  idea  of  the  amount  consumed  by  each  animal.    The 
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results  obtained  appear  to  indicate,  according  to  Mr.  J.  F.  Branham, 
that  hogs  take  to  the  pear  for  roughage  as  kindly  as  cattle. 

The  number  of  hogs  fed  on  the  place  during  the  past  year  and  a  half 
has  been  in  the  neighborhood  of  230  in  all.  Many  of  these  were  small 
and  ate  little  or  no  pear.  To  this  number  of  animals,  during  a  period 
of  one  and  a  half  years.  Were  fed  400  bushels  of  eorn,  2i  barrels  daily 
of  meat  and  bread  scraps,  and  3.000  pounds  daily  of  pear. 

In  feeding,  extreme  care  is  said  to  be  necessary  to  rid  the  pear  of 
spines,  for  they  are  very  injurious  to  the  hog.  During  this  feeding 
about  one-half  of  one  per  cent  was  killed  by  the  spines  in  spite  of  the 
great  precautions  exercised.  The  pear  was  all  burned  in  the  field  by 
a  gasoline  burner,  loaded  on  wagons  and  thrown  into  the  pens,  one 
man  burning  as  fast  as  three  men  could  cut  and  load.  Each  day's 
ration  of  3,000  pounds  required  24  gallons  of  gasoline  for  the  burning. 

In  many  localities  in  the  [jear  region  of  Texas  it  is  the  practice,  as 
soon  as  the  tunas  (fruit)  ripen  and  Ivegin  to  fall  off,  to  let  out  the  few 
bc^  which  the  rancher  usually  has  to  feed  upon  them.  It  is  consid- 
ered  by  all  who  have  bad  any  experience  with  this  practice  that  hoga 
are  very  fond  of  these  fruits,  and  fatten  very  rapidly  upon  theoi. 

PEAK  FOB  SHEITP  ANH  OOATS. 

Mr.  Albert  Urban,  one  of  the  largest  owners  of  sheep  in  the  Laredo 
district  at  the  present  time,  values  the  pear  very  highly.  His  sheep 
are  run  entirely  without  feed,  even  during  tile  dry  seasons.  His 
pastors  all  carry  machetes  and  cut  the  edges  off  of  the  joints  to 
give  the  sheep  a  chance  to  get  at  the  pulp  without  being  injured  by 
the  thorns.  His  range  is  well  adapted  to  sheep  on  account  of  the  lai^e 
amount  of  browse  furnished  by  the  guajilla  (Afacia  bcrlandien)  and 
the  nie^quite  {Prmop'is  glanditlmin).  These,  together  with  the  pear 
chopiied  with  the  machete,  furnish  an  abundance  of  feed  when  the 
grasses  fail,  and  the  latter  obviates  the  necessity  of  driving  to  water 
as  often  as  would  otherwise  be  necessary. 

Upon  nearly  every  rancK  of  any  note  in  the  pear  r^on  s  small 
Hock  of  goats  are  run  and  held  most  of  the  time  in  the  thickest  pear 
and  brush  on  the  ranch.  It  is  a  universal  practice  to  furnish  them 
access  to  all  the  pear  they  will  eat,  by  a  liberal  use  of  the  machete. 
The  amount  of  pear  they  consume  depends  upon  the  condition  of  the 
other  feed,  it  furnishing  the  greater  part  of  their  ration  daring 
droughty  seasons. 

FBAB  AS  A  RATION  FOB  WOBEINO  AimrAU. 

The  animals  best  adapted  to  working  on  pear  appear  to  be  oxen, 
Thoy  often  work  for  months  upon  no  other  feed  than  dry  grass,  brush, 
and  prickly  pear.  Instances  of  the  use  of  scorched  pear  for  oxen  by 
the  early  freighters  have  been  mentioned.     Even  now  a  large  sum- 
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ber  of  Mexican  wood  ohoppero  in  the  extreme  wuthwentern  part  of 
Texas  use  no  other  feed  than  pear  and  what  gnsa  or  browse  the  conntry 
affords.  Oft«n  the  grass  and  browse  are  very  small  in  quantity. 
These  people  Hiqiply  scorch  the  thorns  off  with  brush,  although  many  of 
them  do  not  even  go  to  this  trouble,  as  they  simply  sla.sh  into  the 
plants  with  a  machete  enough  to  give  the  animals  a  start  into  the 
clumps. 

Mr.  T.  A.  Coleman  tinds  that  oxen  can  be  used  with  great  eironomy 
in  feeding  pear  to  dttttle.  His  machines  are  set  in  a  pear  thicket,  and 
the  distance  hauled  during  the  past  winter  was  an  average  of  aliout 
one-half  mile  for  the  round  trip.  The  pear  was  hauled  to  the  machine 
by  two  four-ox  teams,  which  hauled  3fi  to  40  loads  a  day,  an  average 
load  weighing  1,60()  pounds  (estimated).  The  travel  per  team,  accord- 
ing to  this,  was  about  10  miles  per  day.  The  last  load  cut  each  day 
was  placed  in  a  trough  in  a  small  pen  for  the  work  oxen,  and  they 
always  bad  all  they  would  eat.  They  got  no  other  feed  and  kept  in 
good  working  condition  during  the  entire  feeding  period. 

There  are  hundreds  of  ox  teams  in  the  southwestern  part  of  Texas 
that  work  all  the  year  on  a  ration  consisting  very  largely  of  pear  all 
of  the  time,  and  practically  notliing  else  for  months.  They  t)elong 
mainly  to  the  Mexican  population,  who  freight  and  haul  wood  U>  the 
towns,  ranches,  and  pimping  e.sUblishment»  which  are  springing  up 
Bomewhat  numerously  in  that  section.  Thoir  ration  consist^^  of  such 
feed  as  the  country  produces,  (rrass  and  browse  are  the  main  feed 
when  the  seasons  are  good.  It  is  during  the  dry  seasons  that  the 
greatest  quantity  of  pear  is  fed,  but  the  freighter  never  omit»<  it  from 
his  ration  for  working  oxen.  Even  during  the  month  of  May,  iS*04, 
when  grass  was  in  the  best  possible  condition  and  there  was  an  abun- 
dance of  it,  pear  scorched  with  brush  w&s  regularly  fed.  It  is  impos- 
sible to  tell  bow  much  these  animals  eat. 

A  day  spent  upon  the  market  plaza  at  Laredo,  Tex,,  oontirnied  the 
statement  which  had  been  often  heard  regarding  the  large  use  made 
of  pear  by  the  Mexican  wood  choppers.  When  the  men  are  asked 
what  they  feed,  the  answer  invariably  is  "  nopal "  (prickly  pear).  One, 
of  whom  special  inquiry  was  made,  stated  that  he  was  hauling  wood  30 
miles  (round  trip),  making  two  trips  per  week.  His  loads  averaged 
three-fourths  of  a  cord  of  mesquite  wood.  His  oxen  grazed  very 
lately  on  grass  at  that  time,  but  the  greater  part  of  the  year  they 
got  little  besides  nopal,  the  thorns  l>eing  singed  off  over  a  Itrush  fire. 
His  team  was  in  good  working  condition. 

The  largest  amount  of  freighting  in  the  State  of  Texas  at  the  pres- 
ent time  is  doubtless  done  below  the  line  of  the  Texas  and  Mexican 
Bailway.  In  this  region  there  is  an  abundance  of  pear  of  good  quality. 
Here,  and  in  fact  farther  north,  especially  along  the  Uio  (irando,  team- 
ing is  still  a  business;  but  it  is  almost  entirely  in  the  hands  of  the 
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Mexican  population,  who  own  their  oxen  and  carts,  their  ^le  holdingH 
in  many  cases. 

It  is  estimated  by  Mr.  Jacobo  C.  Guerra  that  there  are  no  less  than 
20U  of  these  Mexican  carbt  operating  between  Rio  Grande  City  and 
the  north.  About  60  of  these  work  at  the  business  continuously,  while 
the  remainder  haul  when  there  is  an  exceptionally  large  quantity  of 
freight  to  be  moved.  There  are  a  few  mule  teams  on  the  road,  but 
by  far  the  larger  quantity  of  freight  is  hauled  with  bulls  or  oxen;  even 
cows  are  sometimes  hitched  to  tiie  wagons.  A  team  consiste  of  4  to 
10  oxen  hitched  to  a  Mexican  cart.  Such  a  team  will  make  a  trip  of 
76  Hiiles  and  back  in  ten  to  fourteen  days.  The  longer  time  is  the  one 
most  frequently  used.  Two  trips  j>er  month  is  what  the  average  team 
makes.  They  go  practically  empty  one  way,  and  haul  3,000  pounds 
on  the  other  trip.  This  figures  up,  for  those  who  work  at  the  business 
all  of  the  time,  10  miles  per  day,  continuously,  from  one  year's  end  to 
the  other,  and  this  over  a  very  hard  road,  two-thirds  of  which  is  sandy. 
This  work  is  done  by  these  animals  upon  »  ration  of  prickly  pear  and 
grass,  when  the  latter  is  to  be  had;  when  there  is  no  grass,  pear  alone 
suffices.  There  are  long  seasons  of  frequent  occurrence  when  grass  is 
next  to  nothing,  and  during  these  seasons  nopal  in  lat^e  quantities  is 
fed,  the  cattle  getting  little  else.  The  season  is  both  infrequent  and 
severe  when  the  hobbled  ox  can  not  get  some  feed  out  of  a  brush  pas- 
ture. Frequently,  however,  the  feed,  aside  from  pear,  is  very  smallin 
quantity. 

Probably  the  largest  amount  of  teaming  is  done  between  Hebron- 
villo  and  Rio  Grande  City.  There  is  no  pear  convenient  upon  the 
northern  one-third  of  this  road.  It  is  therefore  necessary  for  the  team- 
stere  to  pi'ovide  themselves  with  pear  by  hauling  it  over  about  one- 
fourth  of  the  journey.  This  necessitates  the  hauling  of  pear  15  or  20 
miles,  which  largely  increases  the  total  work  done  by  the  animals. 
The  driver  camps  at  night  in  a  pear  thicket,  lights  a  brush  fire,  and  in 
about  thirty  minutes  scorches  the  thorns  from  enough  pear  for  his 
team  to  eat  during  the  night.  Another  feed  in  the  morning  is  usually 
all  they  get.  Ln  some  cases  the  animals  are  given  a  ration  of  pear  at 
midday.  These  people  are  often  provided  with  a  pear  fork,  a  descrip- 
tion of  which  has  already  been  given  {see  fig.  1,  p.  151,  while  some  of 
them  use  a  shatp  stick  for  handling  the  pear.  In  chopping  the  pear 
down  an  ax  or  a  machete  is  used.  Before  leaving  the  pear  thickets 
enough  pear  is  scorched  and  loaded  on  the  wagons  to  feed  the  teams 
until  they  return  to  the  thickets  again. 

During  a  good  season,  like  the  past  one,  there  is  plenty  of  grass 
along  the  road,  but  in  spite  of  this  pear  is  fed.  The  animals  do  not 
eat  ,so  much  of  it  as  they  do  when  the  grass  is  short,  but  there  is 
never  a  season  when  they  will  not  eat  a  surprisingly  large  amount  of 
scorched  pear. 
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During  long,  dry  sesBons  the  water  supply  along  the  road  becomes 
very  scarce,  and  teamt^  often  are  forced  to  make  the  entire  distance  of 
76  miles  without  water,  on  a  full  ration  of  pear.  Indeed,  teamsterfl 
have  informed  the  writer  that  during  the  winter  their  oxen  drink  only 
ulMHit  once  each  week,  liut  that  they  need  water  two  or  three  timers  a 
week  during  tlie  summer. 

It  irt  next  to  impossihte  to  get  a  verj-  definite  notion  of  how  mueh 
these  people  feed  their  ^tock.  An  accurate  an  estimate  a8  it  hax  l>een 
poi^sihle  to  secure  allows  one-half  load  of  singed  pear  to  12  head  of 
oxen  for  one  feed,  when  two  feeds  a  day  are  given  the  animal».  A 
load  will  probably  weigh  from  l,.W(f  to  2,000  pounds. 

EFFECT  OF  FEAB  1TP0N  STOCK. 

The  views  of  ranchers  ai'c  so  much  at  variance  regarding  many 
points  relating  to  ciutus  feeding  that  it  is  impossible  to  form  a  definite 
opinion  regarding  many  fcatitn's  of  the  pra<^tit•e.  Tlu^n!  is  a  c^impara- 
tive  iinunimity,  however,  upon  ninny  ixnnt^.  There  is  need  of  experi- 
uientH  foi'  their  vei-iiicatioii.  for  popular  exiieriences  and  opinions  ai-e 
too  indefinite  and  unsutisfiutory. 

Stockmen  are  very  generally  agree<l  that  pear  should  l)e  fed  very 
gradually  at  first,  many  (rluiming  that  a  week  should  clai>.se  Ixtfoi'e  a 
full  ration  can  be  safely  fed.  The  reasons  for  this,  however,  will  vary 
with  the  individual  and  the  locality.  Mr.  Sinclair  has  abundant  evi- 
dence that  bloat  is  very  easily  <»u.sed  in  cattle  that  are  not  accustomed 
to  the  feed.  Keally,  rattle  look  as  though  they  were  Itloated  after 
every  feed,  for  the  <)uantity  eaten  (125  to  21)0  pounds  a  day)  is  bound 
to  cause  a  large  distention  of  the  stomach;  but  there  appears  to  be  no 
danger  after  the  animals  have  become  accustomed  to  eating  it. 

Stock  fed  on  a  full  ration  of  pi'iir  scour  moi-e  or  less  all  of  the  time, 
and  the  injury  from  this  source  is  of  course  very  much  aggravated 
if  the  cattle  receive  i-ough  treatment  A  half  ration,  with  some  drier 
roughage,  such  as  sorghum  hay,  or  even  dry  gnu-s  or  browse,  appears 
to  produce  less  serious  etfects.  This  condition  could  not  be  otherwise 
with  such  sloppy  feed.  It  occurs  invariably  with  beet  pulp,  and  the 
effctits  are  probably  very  .similar. 

The  condition  of  stock  which  have  received  pear  during  the  winter 
appears  to  be  very  much  better  than  that  of  those  wintered  on  good 
dry-gratjs  pastures.  Feecier,s  without  exception  make  thisobservation. 
The  experience  of  the  (i  lass  Hrothers  is  very  conclusive  in  this  regard. 
In  the  winter  of  1S97  their  pastures  were  so  short  as  to  ne<«ssitate 
their  moving  their  cattle  to  rented  lands,  not,  however,  very  far  away. 
In  the  herd  were  55  pregnant  cows,  too  poor  to  be  moved.  These 
were  held  on  the  home  pastures  and  fed  pear  chopped  with  machetes, 
tc^ther  with  1  to  14  pounds  of  cotton-seed  meal  daily.  These  ani- 
mals were  turned  on  grass  on  the  17th  of  March,  and  could  have  been 


idbyGoOglC 


84  THE   PRICELT   PBAR   AS   POOD   FOB   STOCK. 

Bold  as  grass-fat  cattle  id  sixty  days,  while  that  portion  of  the  herd 
wintered  on  dry  grass  was  not  fat  until  fall.  Of  course  the  effect  of 
moving  and  the  inSuence  of  the  pound  or  pound  and  a  half  of  cotton- 
seed meal  must  not  be  overlooked,  but  the  influence  of  the  pear  wa» 
certainly  very  potent.  This  corresponds  very  well  with  the  experience 
of  feeders  in  southeastern  Colorado,  where  cactus  is  commonly  fed 
without  any  other  feed  except  what  stock  pick  up  in  native  pastures. 
Here  it  is  found  that  cactus  fed  in  any  form  is  of  decided  advantage  in 
toning  up  the  system,  particularly  of  2-yeai-old  stock,  which  suffer 
especially  on  aocountof  the  condition  of  their  teeth  at  thin  af;e.  Many 
S-year-old  heifers  upon  the  range  are  lost  at  this  age  from  constipa- 
tion, brought  on,  no  doubt,  by  a  long-continued  diet  of  dry  grass, 
which  ia  often  so  short  as  to  be  difficult  for  wtock  of  this  age  to  get  at 
it.     This  evil,  it  is  said,  ia  corrected  by  a  few  feeds  of  cactus. 

Banchera  in  Texas  often  lose  a  small  number  of  cattle  from  the  effect 
of  the  accumulation  of  fiber  of  the  pear  in  the  stomach.  This  condition 
ia  said  never  to  occur  with  chopped  pe^r,  but  to  be  common  in  cases 
where  a  pear  burner  or  machete  is  used,  and  still  more  common  in  cattle 
which  are  forced  to  eat  a  large  amount  of  pear  in  short  pastures  during 
dry  seasons.  The  balls  are  said  to  be  made  up  entirely  of  the  fiber  and 
spines  of  the  pear.  It  is  also  claimed  that  fiber  balls  are  never  formed 
when  stock  have  a  reasonable  quantity  of  grass  or  other  roughage  with 
the  pear. 

No  manner  of  feeding  cactus  yet  devised,  without  greater  care  than 
the  feeder  is  usually  willing  to  bestow  upon  the  work,  does  away 
entirely  with  the  evil  effect  of  the  spines.  Singeing  with  a  torch  or 
brush  is  the  most  effectual  in  this  regard,  if  sufficient  care  is  taken  by 
the  operator.  In  practice,  however,  very  little  attention  is  paid  to  the 
small  spines,  the  effort  being  to  burn  off  the  distal  three-fourths  of  the 
large  ones,  leaving  most  of  the  small  ones  for  the  stock  to  contend 
with.  Indeed,  there  is  a  prejudice — whether  well  founded  or  not  it 
has  been  impossible  to  determine — against  pear  scorched  to  the  extent 
necessary  to  insure  the  removal  of  all  the  small  spines.  It  is  claimed 
that  cattle  scour  much  worse  upon  pear  which  has  been  excessively 
scorched  by  either  torch  or  brash  flame.  Another  objection  urged  is 
that  torch -scorched  pear  in\'ariably  dies  if  the  flame  is  kept  upon  it 
long  enough  to  insure  the  removal  of  all  the  spines.  This  is  really  an 
impoitant  matter  for  those  who  have  but  little  pear  in  their  pastures, 
as  simply  singeing  off  the  larger  spines  does  not  check  the  growth  of 
the  plants  at  all,  and  all  the  singed  plants  not  actually  grazed  grow  the 
following  season. 

The  spines  invariably  work  into  the  skin  and  flesh  of  animals  which 
have  the  run  of  pcAr  pastures  to  a  large  extent,  certain  expo-sed  por- 
tions of  the  skin  being  often  literally  tilled  with  them.  It  is  reported 
by  butchers  that  they  often  find  cattle  and  sheep  so  full  of  cactus  spines 
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that  their  skinninj^  knives  are  dulled  by  a  few  strokes,  on  account  of  the 
lai^e  number  which  penetrate  through  the  skin  into  the  flesh,  requir- 
ing the  cutting  of  thousands  of  spines  in  the  skinning.  Inquiry  made 
among  hide  merchants  at  several  places  does  not  indicate  that  they 
recognize  any  deterioration  at  all  on  this  account.  They  invariably 
report  that  they  take  no  cognizance  of  this  defect  in  their  clasNification 
of  material  brought  to  them,  although  they  admit  that  the  value  in 
sometimes  wlightly  reduced. 

It  is  invariably  the  practice,  wherever  chopping  machines  are  u»ed, 
to  feed  the  chop  as  soon  as  it  is  cut.  A  rapid  fermentation  sets  in 
usually  within  twelve  hours,  but  the  rapidity  and  time  are  dependent 
upon  the  condition  of  the  atmosphere.  Authentic  cases  of  injury  to 
cattle  by  the  use  of  feniiented  ehop  have  not  been  found,  but  feeders 
report  that  they  dare  not  feed  fermented  pear  dn  account  of  an  appi-e- 
hen.<ioii  of  injury  whi4-h  it  may  do.  Kather  than  run  any  risks  the 
rancher  prefers  to  feed  immediatelj'  upon  cutting.  The  process  of 
fermentation  is  a  very  peculiar  and  interesting  one  scientitically,  and 
of  course  ha-*  a  decided  economic  bearing.  There  appears  to  be  a 
great  deal  of  difference  in  the  Itebavior  of  different  species  in  this 
respect,  judging  from  specimens  put  up  for  museum  use  and  for 
chemical  analysis.  Some  joints  dry  quite  naturally  in  a  relatively 
short  time,  while  others  begin  to  fermeut  very  soon  after  being 
removed  from  the  plant.  The  Texas  species  which  are  fed  may  be  cut 
and  piled  in  large  heaps  for  from  four  to  six  weeks  without  under- 
going anj'  apparent  change  except  a  slight  desiccation;  but  when 
chopped,  the  fermentation  starts  in  very  quickly.  There  are  indica- 
tions that  some  species  at  least  ferment  much  more  readily  when  cut 
in  certain  ways,  and  the  cultivated  forms  more  readily  than  the  native 
ones.  It  is  well  established  that  fermented  cotton-seed  products  pro- 
duce serious  effects  when  eaten  by  cattle,  and  the  mncher  who  mixes 
these  pi-oducti*  with  his  pear  must  necessarily  feed  before  fermentation 
has  had  time  to  take  place.  The  well-known  effects  of  fermented  cotton- 
seed products,  and  the  i-apidity,  vigor,  and  nauseating  effects  of  the  fer- 
mented pear  warrant  the  caution  exercised  by  all  who  feed  in  this  way. 

OA0TTT8  FOR  THB  SILO. 

Attempts  to  prepare  ensilage  from  prickly  pear  have  been  reported 
once  or  twice  in  the  Agricultural  (iazette  of  New  South  Wales,  but,  so 
far  as  the  writer  is  aware,  no  definite  results  have  been  secured.  The 
Messrs.  Furnish,  of  Spofford,  Tex.,  attempted  it  one  year,  but  on 
account  of  the  improper  construction  of  the  silo  nothing  came  of  the 
experiment. 

There  is  but  little  use  in  the  preparation  of  ensili^e  from  cactus. 
One  i-an  always  gather  this  plant  in  the  green  state  at  any  time  of  the 
year,  and  the  object  of  going  to  the  trouble  and  expense  of  placing 
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the  material  in  a  silo  ia  not  very  evident.  Apparently  there  is  IitUe 
or  nothing  to  gain,  and  the  expense  is  considerable.  The  only  way 
in  which  this  can  be  made  profitable  is  to  mix  the  chopped  pear  with 
some  other  much  drier  feed  in  the  silo. 

PEAB  THICKETS  AND  THEIB  DBSTBUOTION. 

It  has  been  but  a  few  veal's  since  the  ranchers  in  the  pear  sections  of 
Texas  were  inquiring  anxiously  for  some  method  which  could  be  suc- 
cessfully employed  in  ridding  the  native  pastures  of  what  was  consid- 
ered an  absolutely  worthless  and  injurious  weed — the  prickly  pear. 
It  was  asserted  that  the  pear,  like  the  mesquite  (Pronirpii  glmtduloea) 
and  guajilla  (Acacia  herlandi«fe),  was  spreading  i-apidly  and  would  soon 
overrun  and  greatly  injure,  if  not  destroy,  large  areas  of  pasture  land. 
But  this  was  before  the  combination  of  pear  and  cotton-seed  meal  as 
sto<;k  feed  was  appreciated.  To-day  the  occasion  for  the  destruction 
of  the  pear  doi's  not  exist,  and  an  absolute  destruction  would  be  a 
calamity  indeed.  In  some  sections,  however,  the  artifit^ial  propagation 
by  cuttings,  brought  altout  by  the  liberal  use  of  the  machete,  has 
thickened  up  the  growth  of  the  plants  to  such  an  extent  as  to  make  it 
advisable  to  thin  the  areas  somewhat  in  order  to  give  the  gnuises, 
which  are  verj-  often  impeded  in  their  growth,  a  l>etter  chance,  as 
well  as  to  give  stock  a  freer  opportunity  to  get  through  the  pastures 
and  enable  the  herds  to  be  worked  to  better  advantage. 

Some  ranchers  report  that  they  have  succeeded  in  thinning  out  the 
thickets  in  rather  a  simple  way.  An  effort  is  made  to  allow  as  large 
an  accumulation  of  grass  and  weeds  upon  the  fields  as  possible,  pre- 
paratory to  the  thinning  process.  When  the  vegetation  is  dead  and 
dry,  tii-e  is  set  to  the  pastures  at  a  time  when  it  will  run  to  best  advan- 
tage. This  is  usually  after  the  heav}"  frosts  of  early  winter.  The 
fire  does  not  kilt  the  pear,  as  a  usual  thing,  but  the  spines  are  singed 
off  from  a  great  deal  of  it,  giving  the  cattle  which  are  turned  in  later 
a  chance  at  the  succulent  forage.  After  the  tire  there  is,  of  course, 
Imt  little  for  stock  to  eat  except  the  pear.  Heavy  pasturing  is  prac- 
ticed and  the  plants  are  closely  gi-azed,  resulting  in  the  removal  of  a 
laiye  amount  of  stuff,  usually  without  killing  many  plants.  After 
such  treatment  it  takes  several  yeai-s  for  the  cactus  to  grow  up  again 
.so  as  to  influence  seriously  either  the  growth  of  the  grass  or  the  han- 
dling of  stock.  This  practice  is  resorted  to  also  in  order  to  destroy 
some  of  the  brush,  which  often  becomes  detrimentally  thick.  Some 
idea  of  the  extant  of  brush  and  pear  developments  in  some  sections  of 
Texas  can  \m  gained  from  the  statement  that  it  costs  $15  to  $20  per 
acre  to  clear  land  which  it  is  said  was  a  comparatively  open  prairie 
thirty  years  ago. 

The  practice  of  slashing  the  pear  l>unches  with  a  machete,  spade,  or 
other  instrument  in  the  field  is  a  questionable  one  in  many  localities 
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where  the  cactus  is  already  very  thick.  As  utated  alK>ve,  lar^  pieces 
of  the  joints,  and  often  two  or  more  whole  joints,  fall  on  the  gi-ound 
and  are  left  there  by  the  animalu,  they  beinf^  able  to  handle  the  por- 
tion on  the  stem  to  better  advant^e.  Some  of  these  pieces  die,  hut  a 
very  large  peicenta^e  strike  root  and  grow,  thereby  thickening  the 
pear  thickets  unnecessarily.  In  some  places  the  pear  is  already  so 
thick  au  to  interfere  with  grass  production,  and  the  condition  is  aggra- 
vated by  the  careless  practice  of  slashing  the  pear  in  the  field,  theceby 
scattering  it  into  unoccupied  area»,  where  it  taken  root  and  thickens 
up,  to  the  detriment  of  more  valuable  feed.  With  care  on  the  part  of 
the  herder  this  could  be  very  largely  avoided.  All  that  is  really  nec- 
essary in  order  to  give  the  sheep  and  goats  a  good  chance  at  the  pear 
is  to  take  off  the  edge  of  the  big  round  joint.  It  is  on  the  edge  that 
the  greatest  number  of  the  most  offensive  spines  occur.  Taking  off 
this  portion  exposes  the  pulpy  substance  so  that  the  animals  can  readily 
nibble  it.  However,  instead  of  merely  taking  off  the  edge  the  care- 
less pastor  slashes  right  and  left,  with  no  object  but  to  expose  the  plant 
to  the  animals.  The  result  is  as  stated  above.  The  pear  is  spread  by 
this  artificial  means  in  areas  where  it  is  already  too  thick.  This  exces- 
sive cutting  of  the  pear  can  especially  be  avoided  in  the  feeding  of 
sheep  and  goats,  for  they  prefer,  and  it  is  the  custom  to  give  them,  the 
younger,  more  tender  joints.  The  remaining  more  solid  portions  of 
the  plants  are  preferred  for  feeding  cattle.  So  far  as  the  writer  is 
aware,  no  definite  tests  have  been  made  of  the  comparative  nutritive 
value  of  different  portions  of  the  plants,  and  it  is  therefore  impossible 
to  tttatc  just  how  much  scientific  foundation  there  is  for  the  universal 
opinion  that  there  is  more  nutriment  in  the  old  stems  than  in  the  youn^ 
joints. 

SPB0IS8  OF  OAOTUS  WHICH  ASE  OF  FOBAQE  VALVB. 

The  Texas  ranchers  and  the  Mexican  people  generally  reci^iiize 
several  varieties  of  the  prickly  year.  One  often  hears  the  Mexit^an 
people  apply  such  names  as  nopid jvllon,  iiofHil  a/jrio,  mrpal  nzid,  ciun- 
najHi,  etc.,  which  express  certain  characteristics  that  they  recognize. 
The  majority  of  people,  however,  recognize  two  forms,  and  will  point 
with  considerable  uniformity  to  a  tall,  woody,  round,  and  thin-jointed, 
thorny,  usually  single-spined  form,  maturing  in  late  sumiiier,  as  cutti- 
napa,  and  all  others  as  nojx//.    (See  Pis,  IV  and  V.) 

The  former,  they  assert,  is  better  feed  for  horses  than  for  cattle, 
The  cacanapa  is  doubtless  a  distinct  botanical  species,  hut  the  other 
forms  are  probably  variations  of  a  single  species.  The  best  pear 
grows  on  the  best  land,  and  here  the  plants  have  much  fewer  thorns, 
as  a  usual  thing.  The  so-called  bine  peur  is  also  lai^ely  an  expression 
of  vigor,  but  is  considered  the  best  pear  for  stock.     It  is  usually  free 
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from  dead  or  diseased  jointu.  However,  there  may  be  very  good  pear 
with  no  tiace  of  the  blue  color  which  is  recognized  in  certain  forms. 

In  some  localities  the  older  portions  of  the  plants  are  gray,  while  in 
othei's  they  are  yellow.  In  the  vicinity  of  Encinal  the  color  is  almost 
universally  gray,  while  around  San  Antonio  it  is  always  yellow;  hut 
the  latter  is  considered  much  superior  to  the  former,  which  is  recog- 
nized as  blue  pear  by  everybody.  ■ 

From  an  economic  point  of  view  it  matters  little  about  the  species 
until  the  time  comes  to  establish  plantations,  when  the  rancher  must 
know  which  ones  are  the  best  feed-  and  which  grow  the  best.  Until 
experimental  investigations  determine  some  of  these  points  the  state- 
ment will  suffice  that  any  of  the  cacti  which  are  large  enough  and 
numerous  enough  to  be  fed  economically  are  probably  good  stotk 
feed.  Sufficient  information  is  at  hand  to  show  that  the  flat-jointed 
forms  may  be  fed  indiscriminate!}',  and  references  are  made  in  this 
publication  to  experiences  in  the  suct^essful  use  of  sevei-al  of  the  long- 
joiuted  forms.  It  is  known  that  during  hard  times  stock  will  eat  the 
giant  cactus  greedily  when  it  is  chopped  up  so  that  they  can  get  at  it. 
The  question  resolves  itself,  therefore,  purely  into  one  of  secunnj; 
enough  material.  Any  cactus  growing  large  enough  to  be  fed  with 
economy  can  be  used  as  roughage,  or  as  a  succulent  for  milk  produc- 
tion. Some  forms  are  much  better  adapted  for  these  purposes  than 
others,  no  doubt;  but  we  have  little  positive  evidence  upon  this  point 
'  except  that  the  blue  pear  of  Texas  is  said  to  be  of  greater  value  than 
any  of  the  other  forms  of  that  region, 

ESTABIiIBHIKa  PLAITTATIONS  OF  PIIAIL. 

Only  two  or  three  ranchers  have  been  met  who  have  gone  to  the 
trouble  of  attempting  to  grow  pear  by  the  establishment  of  new 
plantations.  The  plan  pursued  by  Mr.  Alexander  Sinclair  has  been  a 
very  simple  one.  The  plants  have  been  cut  up  into  individual 
joints,  and  these  have  been  scattered  at  suitable  intervals  upon  the 
ground.  The  unequal  evaporation  upmn  the  two  sides  soon  causes  the 
joint  to  dish,  and  new  joints  spring  from  its  edges,  while  roots  grow 
from  the  side  in  contact  with  the  earth.  If  the  growth  is  vigorous 
and  normal,  three  new  joints  will  be  produced  the  first  year,  three 
or  more  the  second,  and  so  on,  giving  a  sufficient  crop  to  pay  for 
harvesting  in  four  or  five  years  from  planting. 

Mr.  Sinclair's  plantings  have  been  a  success  in  a  measure.  The 
areas  are  well  set,  but  much  of  the  pear  is  unhealthy,  owing  to  the 
effect  of  parasites  of  l)oth  inseet  and  fungus  nature.  This  form  of 
planting  is  the  most  simple  and  least  expensive  that  can  be  devised. 
Much  experimentation  will  be  necessary  to  determine  the  best  method 
of  establishing  plantations. 
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TIKLD  07  FEAS. 

During  the  winter  of  1W)2,  Mr.  J.  C.  Glfts-s,  of  Ei^lo  Pass,  Tex., 
fed  pear  (PI,  IV,  lig.  2)  to  nave  bi»  herd,  as  is  the  ooininon  practice 
in  Texax  during  drought.  The  number  of  cattle  that  were  fed  wa.s 
uot  constant,  for  the  herd  was  continually  worked  over,  strong  ones 
being  turned  out  and  weaker  ones  put  on  feed.  When  the  drought 
was  broken  1,500  cattle  were  being  fed,  and  an  average  of  not 
less  than  800  were  fed  for  the  entire  six  months.  The  pear 
machine  was  moved  into  a  pear  thicket,  near  a  windmill  supplying  an 
abundan('«  of  fairly  good  water  for  this  region.  It  is  believed  by  Mr, 
Glas.s  that  pear  was  not  hauled  over  a  quarter  of  a  mile,  and  that  not 
more  than  80  acres  were  harvested.  The  area  fed  is  iiregular,  the 
rutting  Iwing  governed  by  the  quality  of  the  pear,  ea«e  of  access 
through  the  thick  mesquite  brush,  etc.  The  harvesting  was  done  very 
closely'  in  places  and  less  so  in  others,  the  plants  being  cut  otf  at  the 
surfa«"e  of  the  ground  very  often,  hut  at  other  times  much  was  left  in 
the  brush.  The  above  count  and  estimate,  therefore,  represent,  as 
clojjelj'  as  such  estimates  pemiit,  the  entire  yield  of  pear  on  a  virgin 
tract — virgin  except  in  the  quantity— which  had  been  grazed  hy  stock 
during  the  past  fifteen  or  twenty'  years.  This  amount,  however,  is 
inconsiderable.  These  data  are  not  definite,  but  they  are  the  )>est  avail- 
able, and  represent  the  practices  in  vogue  in  prickly-pear  regions. 
Several  things  should  be  borne  in  mind  in  connection  with  this  account. 
The  conditions  might  be  grouped,  in  order  to  present  them  clearly, 
as  follows: 

(1)  The  feeding  was  begun  after  cattle  had  begun  to  die. 

(3)  Feeding  was  practiced  to  keep  cattle  alive,  not  to  fatten  them. 

(3)  The  pastures  were  worked  continually,  and  a  watch  was  kept  for 
weak  cattle, 

(4)  The  stronger  cattle  in  the  feed  pens  were  constantly  being 
replaced  by  weaker  ones  from  the  pastures, 

(5)  From  1  to  li  pounds  of  cotton-seed  meat  were  fed  to  each  ani- 
mal, in  addition  to  all  the  chopped  pear  it  would  eat. 

(6)  All  except  the  very  weak  cattle  were  allowed  the  run  of  the 
pastures. 

It  will  be  seen  from  these  statements  that  the  stock  obtained  some 
feed  in  addition  to  the  pear  and  meal,  even  from  the  brush  pastures 
where  they  were  dying  before  the  feeding  began.  No  attempt  was  made 
to  do  anything  but  keep  the  animals  alive  until  the  drought  was 
broken.  An  effort  wa,s  made,  however,  to  give  the  cattle  all  the 
pear  they  would  eat.  As  nearly  as  can  be  estimated,  therefore.  80 
acres  of  excellent  pear  furnished  a  full  ration  for  an  averse  of  800 
head  of  cattle  for  a  period  of  six  months. 
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BBHAVIOB  OF  PEAK  AFTER  HABVESTIHa. 

It  is  very  difficult  to  get  accurate  notions  of  the  time  that  must 
elapse  between  successive  harveytinga  of  [>ear  even  in  southwestern 
Texas,  where  feeding  haa  been  so  extensively  practiced.  The  best 
observations  which  it  has  been  possible  t«  make  thus  far  were  upon  the 
property  of  Mr.  ,7.  C.  (ilass.  As  previously  stated,  harvesting  was 
done  very  closely  upon  some  portions  of  his  pasture  during  the  winter 
of  1JW2-3.  It  is  still  too  early  to  tell  how  long  it  is  going  to  be  before 
the  area  can  be  harvested  again.  It  maj'  be  said,  however,  that  about 
the  middle  of  the  second  growing  season  after  the  harvesting  there 
was  abundant  proof  that  the  pfsar  will  Ijc  as  thick  as  ever  upon  this 
area.  It  was  observed  that  many  of  the  old  bunches  were  dead  where 
closely  cut.  However,  the  vast  majority  of  them  had  a  joint  left  some- 
where which  was  growing  thriftily,  and  nmny  joints  liroken  off  and 
left  lying  on  the  ground  were  titarting  new  plants.  It  i.s  estimated 
that  it  will  take  not  less  than  tive  years  to  make  a  crop  which  it  will 
jjay  to  hancst.  The  pear,  like  everything  else,  depends  upon  the 
season,  and  the  growth  is  directly  proportional  to  the  rainfall. 

Several  areas  have  been  visited  which  have  lieen  harvested  twice 
during  the  past  four  years,  biit  in  no  case  was  the  crop  taken  oil  clean. 
The  best  of  the  virgin  ci'op  was  t^ken  off  one  year,  and  more  was  har- 
vested two  or  three  yeai-s  lak'r.  These  areas,  therefore,  furnish  no  data 
regarding  the  time  necessary  to  produce  a  crop.  The  method  of  har- 
vesting has  a  decided  influence  upon  the  futui"e  growth.  It  is  hard 
work  to  secure  all  of  the  old  stems  of  the  jiricklj-  pear,  and  they  are 
also  harder  to  chop  than  the  younger  joints.  If  only  the  younger 
joints  arc  taken  off,  the  old  stems  grow  \ery  vigorously  the  next  few 
years,  and  produce  a  crop  much  (luicker  than  when  <:!ioppod  off  at  the 
surface  of  the  ground;  but  the  feeder  invariably  desires  as  much  of  the 
old  stems  as  possible. 

Mr,  Morrill  I'orr.  of  San  Antonio,  estimates  that  a  small  area  wliich 
he  planted  several  years  ago  can  l>e  profitably  harvested  for  dairy 
purposes  every  two  or  three  years.  This  seems  a  \ery  short  time  to 
produce  a  paying  crop  of  this  plant. 

OTHER  ECONOMIO  ASPECTS  OF  THE  CACTI. 

The  large  economic  group  of  cac,tus  plants,  which  is  [Ktculiarly 
American,  has  not  received  in  this  country  the  attention  it  de^^erves. 
(See  PI.  IV,  fig.  l,and  PI.  V.)  Some  of  the  species  natM-iilized  in  the 
Mediterranean  countries  of  three  continents  form  the  main  article  of 
diet  of  millions  of  people  during  one  or  more  months  of  each  year. 
Some  of  the  improved  forms  have  been  introduced  from  the  Old 
World  into  this  country.  Throughout  the  Southwest  and  northern 
Mexico  it  is  a  common  and  familiar  sight  to  find  gigantic  forms  of  the 
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prickly  pear  15  to  20  feet  high  about  the  old  tnis^ioiiH  and  upon  the 
larger  i-anches  and  hacittiidiis.     (PI.  IV,  tig.  1.) 

The  f  i-uits  are  so  highly  prized  by  the  Italians  that  there  in  a  liinit«d 
market  for  them  in  the  larger  eitie.s  of  this  country  at  the  present 
time.  They  are  imported  from  Italy,  an<l  sold  at  a  price  about  equal 
to  oranges,  bulk  for  bulk. 

The  following  rather  formal  list  of  the  uwcs  of  these  plants,  together 
with  what  h&a  l)een  said  in  the  l>ody  of  this  bulletin,  will  give  some 
idea  as  to  the  use  that  i.s  made  of  them  by  various  peoples: 

(1)  The  fruibi  of  not  les^  than  a  dozen  Mexican  species  are  delicious, 
and  would  form  a  valuable  addition  to  our  fruit  supply.  At  lea.st  one- 
half  of  these  are  now  growing  out  of  doors  in  private  collections  of 
«icti  in  this  countiy.     (PI.  V,  tig,  2.) 

(2)  Very  palatable  jellies  are  manufactured  from  the  fruits  of  some 
species,  and  could  dcmbtless,  under  proper  commercial  methods,  be  put 
upon  the  market  as  choice  delicacies,  if  the  plants  can  l>e  successfully 
grown  in  sutScient  numl)ers. 

(3)  The  young  joints  are  boiled  for  food  by  the  Mexican  people  as 
greens. 

(4)  The  young  joints  are  manufactured  into  pickles. 

(5)  The  young  joints  are  chopped  into  .small  pieces  and  dried  for 
future  use. 

(6)  The  expressed  juices  arc  used  by  the  Mexicans  for  mixing  with 
whitewash  for  exterior  work, 

(7)  Many  species  are  used  for  hedges,  Imrders,  fences,  and  other 
u-seful  or  ornamental  plantings. 

(S)  The  pulp  of  the  group  of  cacti  known  to  the  Mexicans  Ity  the 
name  of  vimtaga  ia  boiled  with  sugar  in  the  manufacture  of  cactus 
candy. 

(H)  The  soft,  pulpy  tissues  of  cacti,  treing  very  retentive  of  moisture, 
are  admirably  adapted  and  extensively  used  for  poultices. 

(10)  Some  species  yield  valuable  drugs. 

(11)  Before  the  development  of  the  coal-tar  dyes  some  of  the  .species 
were  largelj'  used  as  hosts  for  the  cochineal  insect. 

(12)  The  peculiar  reticulations  of  the  vascular  system  of  many  spe- 
cies are  taken  advantage  of  in  the  mimufacturc  of  an  endless  variety 
of  art  goods. 

aOM£  OONSinONS  OBTAIHINa  IN  THB  PBIOELT-PEAR  BBGION. 

There  is  probably  no  locality  in  the  United  States  where  labor  ia  so 
cheap  as  it  is  in  the  prickly-pear  region.  While  it  is  a  poor  class, 
being  largely  of  the  Mexican  peon  type,  and  not  so  good,  man  for  man, 
as  the  avei-age  American  labor,  wages  are  so  low  that  many  entei-prisea 
depending  upon  the  price  of  labor  can  be  undertaken  there  when  they 
could  not  be  established  elsewhere.    The  average  rancher  in  many 
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parts  of  the  region  never  thinks  of  doing  his  own  hauling.  So  low  is 
the  price  charged  by  the  Mexican  freighters  that  the  rancher  can  not 
afford  to  do  it  himself.  The  rancher  who  feeds  cotton-seed  meal,  for 
instance,  buys  it  of  his  local  merchant,  who  dcliveri^  it  at  the  ranch, 
often  50  miles  distant,  the  merchant  adding  to  the  selling  price  what 
he  has  to  pay  the  Iwal  freighter,  who  hauls  it  either  with  oxen  or 
mules,  but  usually  with  the  foi-mer.  Here  we  have  the  free-delivery 
«ystem  of  the  city,  enlarged  to  apply  to  an  area  of  country  possibly 
100  miles  square;  but,  instead  of  owning  his  own  teams  and  hiring  his 
men  by  the  month,  the  merchant  contracts  for  the  hauling  with  a  cia^s 
of  labor  that  will  do  it  cheaper  than  he  can  afford  to  do  it  himself. 
This  class  of  labor  has  a  very  potent  influence  upon  the  utility  of  the 
pear  as  a  cattle  feed.  Where  pear  is  chopped  with  a  machine  there 
is  considerable  labor  involved,  the  price  of  which,  of  course,  governs 
the  profit  of  feeding.  If  it  is  assumed  that  a  crew  of  8  men  can  feed 
1,200  cattle — and  this  is  a  low  estimate — the  cost  where  pear  is  con- 
venient is  very  slight  with  labor  at  the  price  that  it  is  here.  The 
itemized  expense  is  about  as  follows: 

Hire  of  seven  men,  at  60  cents  a <iay tit.60 

Hire  of  one  foreman 76 

BoarJ  of  eight  men 1.00 

lDt«rest  on  machine  ani]  engine  per  day,  when  operateii  four  months  per  year.  .  15 
UaBoline 3. 00 

Total  coHt 8. 40 

The  above  is  probably  the  minimum  cost  of  a  full  maintenance  ration 
of  pear.  In  piactice,  a  much  larger  number  of  animals  can  be  fed 
with  one  machine  if  the  cattle  are  allowed  the  run  of  pastures  which 
contain  some  browse  and  dry  grass,  when  the  feeding  is  done  simply 
to  carry  through  a  drought. 

To  the  alwve  must  be  added  the  cost  of  whatever  meal  is  fed.  As 
stated  on  previous  p^es,  the  majority  of  feeders  who  feed  simply  to 
maintain  their  herds  through  a  drought  give  each  animal  1  pound  of 
cotton-seed  meal  in  addition  to  the  pear.  With  such  a  i-ation,  stock 
make  material  gains  in  flesh  and  strength.  Those  who  feed  for  the 
market  in  closed  pens  aim  to  give  the  stock  all  the  pear  they  will  eat, 
with  a  ration  of  8  pounds  of  cotton-seed  meal,  gradually  increased  to 
a  pounds. 

The  average  wage  for  a  herder  is  87  to  $10  a  month,  and  board. 
Formerly  the  latter  consisted  of  a  ration  approximately  as  follows: 
Two  sheep  or  goats,  40  pounds  of  corn  meal,  4  pounds  of  coffee,  i 
pounds  of  sugar,  and  6  pounds  of  f  rijoleR.  At  the  present  time  wages 
are  a  little  higher,  but  still  not  over  $13  to  $16,  with  possibly  a  more 
liberal  bill  of  fare.  A  very  common  practice  is  to  hire  for  a  stated 
period,  for  instance,  for  one  year,  at  $12  or  $15  per  month,  with  a 
forfeiture  of  $3  per  month  if  the  servant  quits  before  the  end  of  the 
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stipulated  time.  During  dry  seasons  the  rancher  in  southern  Texas 
haa  DO  difficulty  whatever  in  securing  help,  for  the  poorer  classes  of 
northern  Mexico  are  very  needy  at  these  times  and  are  willing  to  work 
at  as  low  a  rate  as  25  cents  per  day  and  board. 

The  gradual  extension  of  the  cotton  belt  into  the  pear  region  is 
destined  eventually  to  have  a  very  potent  influence  upon  the  feeding 
of  pear  for  fattening  stock.  The  use  of  pear  with  cotton-seed  products 
is  very  much  in  favor.  The  development  of  the  pumping  projects, 
together  with  artesian  water  in  some  localities,  while  withdrawing 
some  landH  from  direct  grazing,  will  contribute  nevertheless  very 
materially  to  stock  raising.  The  areas  devoted  to  cotton  culture  will 
especially  contribute  a  valuable  support  to  the  stock  industry,  and  the 
cotton-seed  products  will  find  a  ready  local  market.  The  pear,  fed  as  a 
roughage,  with  these  cotton-seed  products  deprived  of  the  present 
high  transportation  rates,  will  add  perceptibly  to  the  rancher^s  al>ility 
to  mature  the  beef  which  he  has  always  been  able  to  breed  success- 
fully but  not  always  to  fatten  economically. 

POPITLAK  FOSTtTLATES  OF  OAOTUS  FEEDHTO. 

Data  secured  from  popular  sources  appear  to  warrant  the  following 
conclasions,  many  of  which  are  reservedly  stated;  it  is  hoped  they  can 
be  experimentally  verified  in  the  near  future. 

Prickly  peal-,  although  poor  in  nutritive  quality,  can  be  fed  to 
decided  advantage  under  several  conditions  and  for  several  purposes: 

(1)  To  save  cattle  during  a  prolonged  drought,  when  other  more 
nutritious  feed  is  scaree. 

(2)  To  fatten  cattle,  when  employed  as  a  roughage  with  more  con- 
centrated feed. 

(S)  When  fed  with  more  concentrated  foods  and  some  hay  or  pas- 
ture, it  is  a  valuable  accessory  to  the  dairy  ration;  it  supplies  huoou- 
lence  which  it  is  difficult  to  secure  in  seniiarid  regions  a  large  pai"t  of 
the  year. 

(4)  Oxen  can  be  worked  on  a  ration  consi»>ting  very  largely  of  pear 
for  an  indefinite  period. 

A  full-grown  steer  fed  on  pear  alone  will  consume  from  125  to  200 
pounds  daily. 

Mature  steers,  accustomed  to  a  pear  diet,  can  live  in  a  pear  pasture 
a  long  time  without  water. 

Oxen  worked  on  pear  drink  water  two  or  three  times  a  week  in 
summer  and  once  n  week  in  winter, 

A  good  milk  ration  of  pe^r,  with  plenty  of  other  nutritious  feed, 
will  consi.st  of  from  40  to  70  pounds  of  pear  for  each  animal  a  day. 

Pear,  fed  whole,  especially  when  stock  has  little  else  to  eat,  is  likely 
to  form  fib^r  Imlls  and  kill  a  small  percentage  of  cattle  during  pro- 
longed feeding. 
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Pear,  when  burned,  scours  cattle  much  worse  than  when  it  is  aimply 
scorched  enough  to  take  the  thorns  off. 

Pear  with  many  thorns  is  as  easily  prepared  for  the  use  of  stock  as 
that  which  has  but  few  thorns. 

It  is  quite  probable  that  all  the  lar^r  species  of  cactus  cail  be  fed 
to  stock  to  advantage  when  property  prepared. 

Prickly  pear  and  other  species  of  cactiLs  maj'  he  fed  in  a  variety 
of  ways: 

(1)  Cattle  accustomed  to  pear  eat  more  or  less  of  it  during  the  entire 
year,  whether  there  is  plenty  of  other  feed  or  not,  and  with  no  prepa- 
ration. 

(2)  The  thorns  may  be  scorched  off  with  brush. 

(3)  The  thorns  may  be  scorched  off  with  a  gasoline  torch — a  modified 
plumber's  torch,  ' 

(4)  The  edges  of  the  joints  may  be  trimmed  off  with  a  machete, 
when  stock,  espetrially  sheep  and  goats,  gain  access  to  the  pulpy  masij 
at  an  advantage. 

(5)  The  plants  may  be  piled  in  heaps  in  a  field  and  chopped  into 
small  pieces  with  a  machete. 

(6)  The  whole  plant  may  be  chopped  into  pieces  ^  to  1  inch  long 
with  machines  prepared  for  that  puipose. 

(7)  In  some  localities  the  whole  plant  is  st4>amed  in  large  vats  to 
lender  the  spines  innocuous. 

A  cow,  with  calf,  fed  on  prickly  pear  alone  will  lose  fleBh  very 
rapidly. 

Cotton-seed  meal  or  cake  and  cotton  seed  appear  to  be  well  adapted 
to  feeding  with  pear. 

Hogs  fatten  well  on  the  fruit  of  the  prickly  pear,  and  they  take 
kindly  to  a  ration  of  prickly  pear  when  the  thorns  are  properly  singed 
off. 

Stock  fed  on  prickly  pear  and  cotton-seed  product-i  are  said  to  suffer 
heavy  shrinkage  on  the  way  to  market. 

Pear  as  feed  for  stoi^'k  is  of  sufficient  value  to  warrant  investigations 
for  the  purpose  of  determining: 

(1)  How  it  may  best  be  propagated, 

(2)  Whether  there  are  species  in  foreign  countries  of  greater  value 
than  those  which  are  native  to  the  Southwest. 

(3)  Its  exact  value  as  food  for  both  man  and  beast. 

(4)  The  natui'e  and  cause  of  the  rapid  fermentation  in  the  chopped 
material. 

(5)  The  comparative  value  of  different  species. 

(6)  The  comparative  value  of  old  and  new  growth. 

(7)  The  exact  influence  upon  quantity  and  quality  of  milk. 

The  old  woody  stems  are  preferred  by  feeders  to  the  young  joints. 
When  fed  for  succulence,  a.s  is  the  case  in  dry  weather,  the  young 
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nopaJs  (jointe)  are  of  more  ralue  thaa  when  a  maintenance,  or  fatten- 
ing, ration  is  d«sired. 

Pear  has  been  fed  in  Texas  since  the  early  Spanish  occupation. 

Pear  is  better  feed  from  the  time  that  frost  atriket)  it  in  the  fall 
until  it  be^ns  to  grov  in  the  spring  than  in  other  seasons. 

Cattle  and  working  oxen  will  eat  a  large  ration  of  pear,  properly 
prepared,  when  there  is  an  abundance  of  the  best  of  green  grass  for 
them  to  eat. 

Pear  has  a  decided  value  in  toning  up  the  system  of  cattle  that  have 
lived  on  dry  gi-asH  for  severaJ  months.  Two-year  olds  especially  are 
benefited  by  a  partial  ration  of  it  for  a  Hbort  time. 

All  cattle,  8heep,  and  goats  soon  become  accustomed  to  eating  pear. 
The  sound  of  the  pear  ma<^hine  or  the  sight  of  »nioke  in  the  pastures 
where  stock  are  fed  attracts  the  entire  herd  immediately. 

The  different  Species  and  varieties  of  pear,  while  of  value,  differ  in 
their  feeding  qualities. 

The  development  of  pear  feeding  will  increase  the  utility  of  concen- 
trated feed  stuffs,  such  as  cotton-seed  products. 

The  greatest  promise  for  pear  is  in  the  line  of  milk  production.  The 
value  of  the  succulence  for  the  winter  months  will  probably  pay  for 
the  propagation  of  small  acreages  for  this  purpose. 

Burning  with  a  pear  burner  tends  to  kill  out  the  pear  if  close  pas- 
turing is  practiced  afterwards. 

It  is  a  mistake  to  harvest  pear  too  closely  unless  it  is  desired  to 
thin  it  out. 

Pear  makes  suificient  growth  iti  average  seasons  so  that  it  may  be 
harvested  every  live  years. 

When  fed  a  full  roughage  ration  of  pear,  cattle  scour  more  or  less 
all  of  the  time. 

There  are  four  machines  on  the  market  for  preparing  pear  for  the 
use  of  stock— two  burners  and  two  choppers. 

One  man  with  a  pear  burner  can  feed  4(M>  cattle  in  a  brush  par<ture. 
The  gasoline  consumed  will  range  from  (!  to  J.0  gallons  per  day. 

Ten  men  with  a  pear  chopper  can  feed  from  1,500  to  2,000  cattle 
under  the  same  conditions. 

Inquiry  at  hide  establishments  and  stock  markets  fails  to  reveal 
any  serious  injury  done  by  the  spines  to  commercial  cattle  products, 
although  the  spines  work  into  the  flesh  considerably. 

Cattle  fed  on  pear  chopped  with  a  machete,  and  not  burned,  often 
get  their  mouths  so  full  of  spines  after  a  time  that  they  are  unable  to 
eat  at  all. 

The  crushing  action  of  the  chopping  machine  renders  the  spines 
innocuous. 

Chopped  pear  sourw  very  quickly,  and  must,  therefore,  be  fed  very 
soon  after  licing  chopped. 
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Pear  cut  and  piled  up  moderately  will  keep  in  good  condition  for  a 
month  or  more,  if  not  left  in  the  smi. 

There  is  no  object  in  preparing  ensil^e  from  pear,  even  if  it  can  Ims 
yuucess fully  done. 

The  pear  has  a  large  number  of  enemies,  consisting  mainly  of  insectw 
and  fungi.     Rats  and  rabbits  are  also  injurious  in  some  acuHons. 

The  pear  has  two  characteristics  which  render  it  especially  valuable 
for  pastures: 

(1)  It  can  withstand  long  periods  of  drought  without  injury.  It 
has  limitations,  however,  in  drought  resistance.  It  has  been  severely 
injured  during  some  droughts  within  the  memory  of  the  present 
generation. 

(2)  It  is  protected  by  spines,  so  that  it  can  not  be  materially  injured 
by  ovei^razing  without  artificial  preparation.  A  thoruless  pear,  in  a 
pasture  grazed  the  entire  year,  would  n^pon  be  exterminated.  ^ 

Pear  is  not  particularly  difficult  to  keep  in  subjection,  nor  is  it 
spreading  of  its  own  accord  to  any  alarming  extent.  However,  to 
prepare  a  pear  thicket  for  cultivation  is  expensive,  for  all  of  the  pear 
must  be  hauled  out  of  the  field.    It  can  not  be  burned  like  bnish. 

There  are  many  areas  in  extreme  southwestern  Texas  where  pear 
is  so  thick  as  to  interfere  with  the  growth  of  gi'ass.  The  feeding 
here  should  be  done  with  the  view  of  thinning  the  pear  rather  than 
destroying  it 

The  destruction  of  the  pear  in  southwestern  Texas  would  be  a 
severe  calamity  to  the  stock  industry. 

The  practice  of  preparing  pear  with  a  machete  by  cutting  off  the 
edges  of  the  joints  tends  to  form  pear  thickets,  which  is  often  dis- 
advantageous. 

In  practice,  pear  is  very  seldom  fed  alone.  Even  during  the  severest 
drought  cattle  are  able  to  pick  up  some  old  grass  and  get  a  little  browse 
from  the  abundance  of  brush  that  exists  throughout  the  pear  region. 
It  is  seldom  that  the  Texas  rancher  feeds  it  without  soirie  cotton-seed 
meal,  although  the  cactus  of  southwestern  Colorado  has  usually  been 
fed  alone. 

Cacti  have  many  uses  besides  that  of  forage. 

Prickly  pear,  including  several  species  in  southwestern  Texas,  the 
cane  cactus  of  southeastern  Colorado  and  New  Mexico,  and  the  cholla 
and  related  species  in  one  or  two  localities  in  Arizona,  are  the  only 
species  of  cactus  that  have  been  fed  to  any  extent  in  this  country. 
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E*LATB  I,  Fronlitfiiecf.  Old  and  new  ways  of  sini^eini;  I'acti.  Fig.  1.— The  pane 
cactuH  of  southeastern  Colorado,  singed  with  brash.  April,  190+.  Fij{.  2. — Tlie 
prickly  pear  of  Tesaa,  singed  with  a  torch.  This  is  a  typicul  illustration  iif  th(^ 
inetliod  largely  employed  throughout  soutliem  Texas  of  (k>stroyiii|;  the  evil  effet . 
of  the  spines  by  sii)gein)(  with  a  blast  flame  from  a  gaentine  torrh  et<pecially  pre- 
pared for  thin  purpose.    Sinclair  ranch,  near  Ran  Antonio,  Tex..  May,  1904. 

Pi-ATB  If.  The  prickly  pear  and  a  pear  machine.  Fig.  1. — One  of  the  common 
prickly  pears  of  Texas  in  full  fruit.  This  plant  is  l)earinf(  rather  abnormally  this 
year.  Glass  ranch,  near  Eagle  Pa*«,  Tex.,  May,  IfXM.  Fig.  2. — A  type  of  i>ear 
[-titter  as  t*et  up  and  operated  by  Mr.  J.  C.  (ilass  two  yenre  ago.  Machine  un 
seen  from  the  horae[>ower  platform.     May,  1904. 

Platb  III.  Another  type  of  pear  cutter.  Fig.  I. — Front  view,  showing  kniviss, 
t<^tether  with  a  slieet-iron  shielil  which  actn  as  a  lia<-k  stop  for  the  pew,  which  is 
fed  against  the  faoe  of  the  revolving  wheel.  Jnne,  1904.  Fig.  2. — Rear  view, 
with  issing  removed,  showing  the  boxes  liehind  the  knives  into  which  the 
chopped  pear  passes  and  is  carried  out  of  the  machine.  The  delivery  opening 
of  one  of  these  is  shown  on  the  left.    June,  1904. 

Plate  IV.  Fig.  1.— Nopal  de  Castilla,  cultivated  in  southern  California.  Such  a 
scene  as  this  is  («mmon  in  the  vicinity  of  the  old  missions  and  larger  haciendas 
throughout  northern  Mexico  and  the  southwestern  United  Ktales.  This  planta- 
tion is  doubtless  upwanl  of  30  years  of  age,  and  some  of  the  plants  are  20  to  2.^ 
feet  high.  Fig.  2.— A  pear  thicket  on  the  tilaae  ranch.  Eagle  I^as,  Tex.  This 
ia  typical  of  large  are«s  in  this  part  of  Texas.     May,  IIKM. 

FijATB  V.  The  Tapuna  pear.  Fig.  I, — A  single  plant  of  the  Tapuna  pear  near 
Alonso,  Mexico.  The  fraits  of  this  species  are  highly  prized  as  an  article  of  diet, 
anil  are  alxtut  the  first  that  appear  in  the  markets  of  ^an  Lnis  Potoei.  The 
spines  are  not  numerous  and  the  joinle  are  very  thick  and  KUt^nilent.  A\on7Xi, 
Mexico,  June,  1904.  Fig.  2. — Fniit  of  the  Tapuna  pear  in  one  of  the  market 
places  at  San  Luis  Potosi,  Mexico.  June,  1904. 
48 
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Fio.  1.— One  of  the  Common  Pricklv  Pears  of  Texas  in  Full  Fhuit. 


FiQ.  2— A  Type  of  Pear  Cutter,  as  Set  Up  and  Operated  bv  J.  C-  Gl^ 
THE    PRICKLY    PEAR    AND    A    PEAR    MACHINE. 
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FiQ.  1.— Nopal  de  Castilla,  Cultivated  in  Southern  California 


Fig.  2.— a  Pear  Thicket  on  the  Glass  Ranch,  Eagle  Pass,  Tex. 
PRICKLY    PEARS    IN    CALIFORNIA    AND    TEXAS. 
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Fia.  1  .—A  SiNQLE  Plant  of  Tapuna  Pear,  near  Alonzo,  Mexico. 


THE     TAPUNA     PEAR. 
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—Mountain  Meadow  where  Timothv  was  Seeded  in  the  Autumn 


FiQ.  2.— S*ME  Plot  Shown  in  Fiquhe  1,  Two  Years  Later. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Aohicdltork, 

Bureau  of  Plant  Inhustry, 

Office  of  the  Chief, 
Washinffton,  D.  C,  February  2i,  190r>. 
Sir:  I  have  the  honor  to  transmit  herewith  the  mannscript  of  a 
paper  on  Range  Management  in  the  State  of  Washington,  which  em- 
bodies a  report  upon  investigations  conducted  in  cooperation  with  the 
Washington  State  Experiment  Station. 

This  paper  is  a  valuable  contribution  to  our  knowledge  of  improve- 
ment of  range  lands,  and  I  respectfully  recommend  that  it  be  issued  as 
Bulletin  N^o.  75  of  the  Bureau  series. 

The  accompanying  illustrations  are  nece.ssary  to  a  complete  under- 
standing of  the  text. 

Respectfully,  B.  T.  Galu>way, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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PREFACE. 


In  the  spring  of  1901  cooperative  arrangements  were  entered  into 
between  the  United  States  Deiiartinent  of  Agriculture  and  the  Agri- 
cultural Experiment  Station  of  the  State  of  Washington  for  the 
conduct  of  investigations  on  range  land^  in  that  State.  These  inves- 
tigations were  inaugurated  by  the  writer,  who  at  that  time  was  agri- 
culturist of  the  Washington  State  Experiment  Station,  acting  both 
for  the  station  and  for  the  Department  of  Agriculture,  under  the 
direction  of  the  then  Agrostologist,  and  the  details  of  the  work 
planned  were  carried  out  by  Mr.  J,  S.  Cotton,  under  the  direction  of 
the  writer.  This  cooperative  arrangement  continued  until  the  end 
of  December,  1903.  'Since  June  1, 1904,  the  work  has  been  continued 
by  the  United  States  Department  of  Agriculture  under  the  direction 
of  the  writer,  the  details  of  the  work  being  again  carried  out  by  Mr. 
Cotton- 
In  1901  experiments  were  undertaken  on  Rattlesnake  Mountain, 
at  a  point  10  miles  north  of  Prossei-,  Wash.,  witli  a  view  to  determin- 
ing what  grasses  could  be  established  on  the  range  by  seeding  by 
different  methods.  In  October,  1902,  similar  experiments  were 
inaugurated  at  the  Wenatchee  Mountain  Station  on  the  high  range 
of  mountains  separating  the  Kittitas  Valley  from  the  Columbia 
Valley  to  the  north. 

In  addition  to  the  seeding  experiments  above  mentioned,  Mr.  Cot-, 
ton  has  spent  nuich  time  in  studying  the'  methods  used  for  managing 
stock  upon  the  range  throughout  central  Washington,  and  the  accom- 
panying bulletin  gives  the  results  of  the  seeding  experiments  and  of 
Mr.  Cotton's  studies  on  range  management.  Some  of  the  work  has 
demonstrated  that  certain  grasses  can  be  estaljlished  in  favorable 
localities  in  a  manner  which  is  entirely  practicable,  wliile  Mr.  Cotton's 
conclusions  regarding  methods  of  range  management  can  not  fail 
to  be  of  great  interest  to  stockmen  in  that  section. 

W.  J.  Spillman, 

Agrobiologist. 
Office  or  Grasa  and  Foraqe  Plant  Investigations, 

Washington,  D.  C,  FebriKtry  24,  i905. 
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RANGE  MANAGEMENT  IN  THE  STATE  OF 
WASHINGTON. 


ZNTBODTTCnON. 

Owing  to  the  greatly  lowered  carrying  capacity  of  ranges  in  the 
State  of  Washington,  investigations  were  begun  in  the  spring  of  1901 
to  determine,  if  possible,  what  steps  must  be  taken  to  preserve  these 
ranges  and  what  methods  should  be  used  to  bring  the  badly  over- 
grazed areas  back  to  their  original  state  of  productivity.  These 
investigations  were  carried  on  cooperatively  between  the  Bureau  of 
Plant  Industry  of  the  United  States  Department. of  Agriculture  and 
the  Washington  Agricultural  Experiment  Station  from  that  time 
until  January  1,  1904,  when  the  experiment  station  withdrew.  Since 
that  time  these  investigations  have  been  carried  on  independently 
by  the  Bureau  of  Plant  Industry. 

In  the  early  nineties  the  ranges  were  very  much  overgrazed,  and 
owing  to  the  overcrowded  conditions  were  deteriorating  very  rapidly. 
In  189fi  the  Northern  Pacific  Railway  Company,  in  order  to  alleviate 
these  conditions,  which  by  that  time  had  income  very  serious,  insti- 
tuted a  system  of  leasing  the  railroad  land,  or  odd  sections,  of  the 
grazing  areas  to  the  stockmen.  The  motive  in  leasing  this  land  was 
to  prevent  the  destruction  of  the  native  forage  plants  of  the  grazing 
areas,  which  meant  the  removal  of  the  stockmen  from  that  region 
and  a  consequent  loss  of  traffic  to  the  railway  company.  The  first 
lease  of  this  kind  was  issued  on  July  1,  189G.  Between  that  date  and 
June  13, 1!)03,  over  300  leases,  embracing  about  1,500,0(X)  acres  of  land, 
were  issued,  and  at  the  present  time  the  greater  part  of  these  ranges  is 
under  the  control  of  private  individuals. 

While  this  system  was  bitterly  opposed  by  some  of  the  stockmen, 
it  really  proved  to  be  of  great  beneBt  to  the  State  at  large,  as  it 
enabled  those  people  who  had  homes  in  the  grazing  country  to  secure 
control  of  the  railroad  lands  about  them  by  means  of  a  lease,  and  tlnis 
protect  themselves  from  the  ravages  of  nomadic  stock.  The  more 
progressive  stockmen  immediately  availed  themselves  of  this  oppor- 
tunity. The  nomadic  stockmen — to  protect  themselves  from  each 
other  and  to  prevent  being  forced  out  of  the  country — also  leased 
grazing  lands  sufficient  for  their  needs.    Had  it  not  been  for  the  large 
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numbers  of  rnngo  horses  that  were  allowed  to  run  at  will  throughout 
the  entire  year,  and  thus  continue  their  depredations,  this  system 
would  undoubtedly  have  proved  very  satisfactory. 

Shortly  after  this  leasing  syst«ni  had  been  inaugurated  a  heavy 
immigration  to  central  Washington  took  place.  This  immigration, 
together  with  the  discovery  which  had  been  made  shortly  l»efore,  that 
large  areas  of  land  previously  supposed  to  be  of  value  for  grazing 
purposes  only  would  grow  wheat,  caused  a  rapid  settling  up  of  this 
region.  As  a  result,  large  areas  of  bimch-grass  laud  were  home- 
steaded  and  purchased,  until  at  the  present  time  nearly  all  the  land 
that  is  smooth  enough  for  cultivation  is  used  in  growing  wheat,  or  is 
being  prepared  for  that  purpose.  This  rapid  settling  up  of  the 
bunch-grass  land  has  forced  the  stocitmen  into  the  coulee  and  hill 
lands,  too  rough  for  cultivation,  and  into  the  true  arid  regions  and  the 
mountains.  In  the  arid  regions  the  range  is  also  gradually  growing 
less,  a  condition  which  will  continue,  a.s  irrigation,  owing  to  the 
incentive  given  it  by  Federal  legislation,  will  be  vastly  extended  in 
the  ne^r  future. 

The  progressive  stockmen,  in  order  to  keep  pace  with  the  rapid 
development  of  the  country  for  farming  purpos&s,  which  has  resulted 
in  the  crowding  of  their  stock  into  much  smaller  confines,  have  pur- 
chased railroad  lands,  and  wherever  possible  they  have  also  leased 
the  State  lands  that  are  unfit  for  cultivation  and  hqve  fenced  them 
for  grazing  purposes.  Many  of  tlie  original  purchasers  of  the  range 
lands  are  now  in  a  prosijerous  condition.  Others,  who  have  acquired 
their  lands  within  the  past  two  or  three  years,  are  finding  themselves 
seriously  handicapped  owing  to  the  badly  depleted  condition  of  these 
ranges.  Although  they  have  much  more  to  contend  with  than  those 
who  purchased  before  the  depletion  of  the  ranges  was  so  great  they 
will  with  pei'sistent  effort  and  judicious  management  eventually  be 
successful.  Those  who  have  l»een  too  slow  to  realize  the  changed 
conditions  have  found  themselves  without  range  land,  and  for  the 
most  part  these  men  have  been  compelled  to  go  out  of  stock  raising 
as  a  business.  At  the  present  time  there  is  very  little  free  range 
land  except  in  the  high  mountain  areas,  where  the  grazing  season 
does  not  last  more  than  five  months,  and  in  the  Okanogan  country. 

In  the  Okanogan  country,  owing  to  the  present  laws,  it  is  impos- 
sible to  secure  tracts  of  land  larger  than  160  acres.  Upon  so  small 
an  area  no  one  can  make  a  living,  and  settlers  are  therefore  dependent 
in  part  upon  the  outside  range.  Fortunately  for  tliem  the  natural 
conditions  have  in  the  past  protected  the  country  from  being  made  a 
wilderness  by  overgrazing.  The  winters  are  long  and  the  snowfall 
is  quite  heavy,  thus  necessitating  winter  feeding.  For  this  reason 
the  range  horses,  which  have  been  a  very  great  factor  in  the  dcstmc- 
tion  of  the  ranges  to  the  south,  are  not  found  to  any  great  extent  in 
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this  region.  The  strong  opposition  of  the  cattlemen,  together  with 
the  long  feeding  se&son,  has  also  prevented  wheep  from  gaining  an 
entrance  to  any  appreciable  extent.  Again,  the  cattlemen  them- 
selves have  been  limitpd  in  the  number  of  cattle  they  could  run  on  a 
range  by  the  quantity  of  liay  for  winter  feeding  they  could  raise 
on  their  irrigated  ranches  in  the  river  and  creek  valleys.  The 
Okanogan  ranges  will  lust  for  a  numlwr  of  years,  but  as  the  country 
is  gradually  settled  up  these  grazing  lands  will  eventually  suffer  the 
saiiut  fate  as  ail  other  gnizing  lands  in  the  State,  nnle.ss  some  system 
can  be  devised  for  their  protection. 

The  area  of  free  range  in  the  mountains  is  also  nipidly  decreasing. 
The  creation  of  two  large  forest  reserves  in  the  Cascades — the  Wash- 
ington Forest  Reserve  in  the  northern  part  and  the  Molmt  Rainier 
Forest  Reserve  in  the  southern  part — has  givatly  rwhiced  the  free 
mountain  range.  While,  of  course,  stock  is  not  entirely  prohibited 
from  these  areas,  the  number  allowed  on  them  is  far  less  than  was 
accustomed  to  graze  there  before  the  reserves  were  created.  This 
restriction  has  naturally  result«d  in  a  very  crowded  condition  of  the 
stock  in  the  summer  pastures  outside  of  the  re.serves,  and  at  the  rate 
at  which  the  grass  was  being  taken  a  couple  of  years  ago  it  looked 
as  though  these  areas  would  soon  be  as  badly  devastated  as  the  lower 
range  lands.  However,  within  the  last  three  years  the  timber  com- 
I)anies  have  been  buying  up  large  tracts,  part  of  which  they  are 
leasing  to  cattlemen  for  five-year  periods,  while  no  stock  is  allowed 
on  the  remainder.  At  the  same  time,  in  the  more  accessible  areas, 
where  the  grazing  season  is  long  enough  to  make  it  profitable  to  do  so, 
the  stockmen  have  been  purchasing  large  tracts  of  this  summer  range. 
These  purchases  on  the  part  of  the  timbermen  and  the  stockmen 
living  in  the  near  vicinity  have  resulted  in  almost  entirely  shutting 
out  nomadic  stock  from  their  summer  range. 

KANGB  IKFROVXKBinS. 

The  purchasing  of  the  range  lands  of  the  State  is  greatly  simplify- 
ing the  problem  of  range  improvement.  The  instant  that  the  stock- 
man has  fenced  his  land  he  is  in  a  position  to  protect  it  from  all 
outside  interfereuCT,  and  can  control  the  number  of  stwk  allowed  on  it. 
Instead  of  following  the  old  system  of  grabbing  all  that  he  can  l)efore 
some  one  else  gets  it,  he  will  try  to  use  his  grazing  land  so  that  it  will 
yield  him  the  highest  results  from  year  to  year, 

WINTER   PASTURES. 

In  the  true  arid  region,  where  sag<?brush  (Artemisia  tridentata)  is 
the  prevailing  vegetation,  fencing  and  protecting  the  land  from  over- 
grazing during  that  season  of  the  year  when  the  native  forage  plants 
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are  going  to  i*ed  will  in  all  probability  l>e  the  only  satisfactory 
method  of  rcHtoration.  This  will  not  be  at  all  difUcult,  for,  owing  to 
Ihe  scarcity  of  water  and  to  the  too  great  heat,  the  cattle  an<l  sheep 
are  taken  to  the  higher  altitudes  during  the  summer  months.  In  this 
way  the  native  vegetation  will  have  a  chance  to  make  a  good  growth 
and  go  to  seed  each  season  without  interference  from  the  st«ck. 
Through  this  method  the  pasture  will  not  only  yield  n  crop  of  seed  on 
which  future  impriiveinents  will  be  based,  but  the  plants  which  have 
\>een  grazed  to  a  point  very  near  tliat  of  extermination  will  be  given 
a  chance  to  regain  their  former  vigor. 

At  the  present  time  nearly  all  the  perennial  grasses  have  been 
destroyed.  There  are,  however,  enough  of  these  remaining  (having 
l)©en  protected  by  growing  in  clumps  of  sagebrush  where  stock  could 
not  reach  them)  to  furnish  a  crop  of  seed,  if  given  a  chance,  although 
this  crop  may  be  very  light  for  the  first  year  or  two.  In  addition  to 
these  there  are  numerous  annual  graases  and  weeds  that  make  excel- 
lent feed  which,  if  given  an  opportunity,  will  in  time  become  quite 
abundant.  There  are  also  numerous  perennial  shrubs,  such  as  white 
sage  {Eurotia  lanata),  bitter  brush  (Purshia  tridentata) ,  hop  sage 
(Grmfi.a  .tpinosa),  and  greasewood  {Sarcobatua  i^ermieiiJatm) — each 
having  its  characteristic  locality — which  yield  a  considerable  amount 
of  browse,  and  which  will  furnisli  seed  for  new  plants. 

The  only  time  of  year  when  spyecial  care  will  need  to  be  exercised  in 
the  grazing  of  these  pastures  will  be  in  the  spring  months,  when  the 
young  plants  begin  to  grow.  If  the  land  be  too  heavily  grazed  at 
that  period  the  young  plants  will  be  entirely  killed  out.  This  trouble 
can,  however,  be  easily  remedied  by  dividing  the  grazing  area  into 
two  or  three  pastures,  and  by  grazing  oif  that  portion  of  the  land 
which  is  to  be  allowed  to  restore  itself  during  the  winter  and  exclud- 
ing the  stock  during  the  time  the  young  plants  are  getting  a  start 
The  next  year  another  field  can  be  given  a  like  chance,  and  so  on, 
alternately.  In  this  manner  it  would  be  only  a  few  years — probably 
not  more  than  seven  or  eight — before  the  so-called  desert  areas  would 
be  restored  to  their  original  carrying  capacity  before  overgrazing 
t(K»k  place.  Meantime  the  stockman  would  have  full  use  of  his  land, 
and  would  be  able  gradually  to  increase  the  numlwr  of  stock  grazing 
on  it,  provided  he  judiciously  confined  the  aggregate  of  his  stock  to 
the  limit  of  the  carrying  capacity  of  his  range. 

As  an  example  of  this,  the  writer  has  on  several  occasions  obser^'ed 
with  interest  an  area  a  few  miles  vvest  of  Sunnyside.  In  the  early 
part  of  1900  this  land  Iwlonged  to  the  open  range.  It  was  fenced 
during  that  season,  ffnd  has  since  that  time  been  used  to  some  extent 
as  a  pasture.  AMiile  this  field  has  not  been  handled  in  an  ideal  man- 
ner, nevertheless  the  native  perennial  grasses,  such  as  sand-gra.ss  or 
noodle  grass  (Stipa  conmta) ,  Indian  millet  {EHocoma  cu3pidaia),&xiA 
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wooUy  wheat-grass  {Agropyron  svhrillos^tm),  have  become  consider- 
ably more  abundant  each  season.  By  the  season  of  1904  these  grasses 
had  become  so  abundant  thiit  it  seems  fair  to  conchide  that  if  given 
an  opportunity  they  will  in  the  course  of  another  three  or  four  years 
make  a  very  good  stand. 

Another  very  strong  proof  of  what  can  be  done  in  the  semiarid 
region  is  shown  in  that  part  of  the  open-range  lands  lying  above  the 
Washington  Irrigation  Conii>any's  canal,  directly  north  of  Prosser. 
Although  fully  as  many  sheep  as  ever  graze  on  this  land  during  the 
winter  season,  the  range  is  actually  improving.  This  is  due  to  the 
fact  that  the  range  horses  have  become  much  less  numerous,  ha,ving 
been  sold  to  settlers  or  shipped  out  of  the  State.  In  this  way  the 
vegetation  has  Ix^en  given  an  opportunity  to  reseed  itself,  and  it 
has  also  had  a  chance  to  make  some  growth  during  the  summer  while 
the  sheep  and  cattle  were  In  the  mountains. 

In  the  sandy,  sagebrush  area  lying  some  15  to  '25  miles  south  of  the 
Great  Northern  Railway,  in  Douglass  Coimty — commonly  known  as 
"  the  desert " — there  are  several  thousand  acres  of  range  land  where 
there  is  still  excellent  feed.  Tliis  consists  mainly  of  needle  grass 
{Htipa  comata),  Indian  millet  (Eriofuma  mapidata)^  and  sunflowers 
(BalmmoiThisa  t-areijarui),  while  bitter  brush  (Pumhin  triden- 
tata)  and  various  species  of  Eriogonum  and  Phlox  furnish  a  large 
quantity  of  browse.  The  reason  the  vegetation  in  this  area  remains 
good  while  that  about  it  has  been  very  nearly  destroyed  Is  due  to  the 
great  scarcity  of  water,  which  renders  it  almost  inaccessible  to  stock 
during  the  hot  weather.  At  the  present  time  horses  are  the  only 
kind  of  stock  that  can  graze  in  this  region  during  the  summer 
months,  and  even  they  can  only  penetrate  some  10  or  12  miles  at  the 
most,  being  compelled  to  go  to  water  every  day  or  two.  By  reason 
of  this  the  vegetation  has  a  chance  to  reach  its  full  growth  and  to  go 
to  seed  during  the  summer  season.  During  the  winter  months,  when 
iitock  can  go  for  several  days  at  a  time  without  water,  this  vegetation 
is  all  eaten  off,  but  this  comes  at  a  time  of  year  wiien  comparatively 
little  damage  Is  done. 

SEMIARm   I^NDS. 

The  semiarid  or  true  bunch-grass  lands  can  also  by  judicious  man- 
agement on  the  part  of  the  ownei-s  be  brought  back  to  their  original 
state  of  product ivenes,s.  The  best  method  for  improving  these  areas 
will  be  to  fence  them  and  protect  them  from  all  nomadic;  stock,  and 
give  the  native  grasses  a  chance  to  restore  themselves. 

The  two  most  imixirtant  of  the  native  grassi-s  are  bunch  wheat- 
grass  {Agropyron  splmtH?ii),  whlcli  grows  on  the  hillsides  and 
plateau  lands,  and  giant  rj'e-grass  (Eh/mvn  condtm^atm) ,  which 
grows  on  the  bottom  lands  and  on  the  more  or  less  alkaline  situations. 
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At  the  present  time  there  are  large  areas  (see  PL  III,  fig.  1)  where 
all  of  the  native  grasses,  except  June  grass  IPoa  sandbergii),  have 
been  destroyed.  The  latter — owing  to  the  fact  that  it  is  not  relished 
by  stock  after  it  begins  to  head  out — is  still  quite  abundant  and  fur- 
nishes a  large  amount  of  spring  grazing.  Wherever  these  plants  are 
destroyed  sagebrush  (Artemism  tridentata)  and  rabbit  brush  or 
"yellow  sagebrush"  (Chrysothamnvs  jtauMomta,  C.  rijtcidifiornt) . 
and  other  weeds  that  are  not  relished  by  stock  have  taken  their  places. 

There  is  considerable  difference  of  opinion  among  the  stockmen  as 
to  whether  or  not  the  native  grasses,  especially  bimch-grass,  will 
restore  themselves  if  given  an  opportunity.  Some  claim  that  these 
grasses  will  come  back  if  given  a  chance,  while  others  maintain  the 
contrary  opinion.  Both  are  in  a  measure  correct.  The  truth  of  this 
matter  depends  largely  upon  how  long  these  grasses  have  been  too 
closely  grazed.  If  they  have  been  kept  grazed  down  to  a  point  where 
they  have  had  no  opportunity  to  go  to  seed  for  a  number  of  years,  and 
until  the  roots,  unable  to  withstand  the  strain  put  upon  them,  have 
died  out,  they  will,  of  course,  not  come  back.  If,  on  the  other  hand, 
as  is  for  the  most  part  true,  the  roots  have  not  been  absolutely  killed 
out  or  there  is  still  some  seed  left  in  the  groimd,  these  grasses  will 
eventually  restore  themselves,  although  this  process  may  be  extremely 
slow. 

During  the  seasons  of  1901,  1902,  and  190.3  experiments  were  car- 
ried on  in  the  Rattlesnake  Mountains,  where  the  annual  precipitation 
is  approximately  13  inches,  to  determine  what  grasses  and  forage 
plants  would  be  of  value  for  \ise  in  the  restoration  of  the  range. 
These  experiments  proved  that  bunch-grass  could  be  successfiiUv 
grown  on  cultivated  ground.  They  also  showed  that  alfalfa  could 
be  profitably  raised  in  that  locality  and  that  hairy  vetch  {Vicia 
rjllosa)  might  prove  of  value  in  range  improvement.  In  this  work 
no  forage  plant  *as  found  that  would  give  any  better  yield  than  the 
bunch  wheat-grass  or  the  other  native  grasses.  Even  if  such  a  plant 
could  be  found  it  is  doubtful  whether  it  would  stand  the  actual  hard- 
ship that  the  bunch  wheat-grass  or  giant  rye-grass  will  endure,  or 
would  have  the  high  feeding  value  of  the  two  plants  mentioned. 

Where  the  range  is  in  a  very  bad  state  of  depletion,  and  where  the 
native  grasses  have  been  nearly  exterminated,  it  is  Itelievcd  that  the 
process  of  restoration  can  be  greatly  hastened  by  gathering  seed  of 
bimch-grass  and  scattering  it  in  those  areas  where  it  formerly  grew. 
While  experiments  to  prove  this  point  have  not  been  carried  out,  it 
is  very  probable  that  in  favorable  seasons  reseeding  would  be  verj- 
successful  if  the  seed  were  harrowed  in  or,  if  more  convenient,  thor- 
oughly stamped  in  by  herding  a  bun(;h  of  sheep  over  the  area  seeded. 
Not  only  will  reseeding  hasten  this  process  of  restoration,  but  it  will 
give  the  bunch  wheat-grass  a  start  over  the  weeds  that  are  at  the 
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present  time  taking  its  place  in  thowe  areas  where  overgraziog  in  going 
on.  Experimental  to  determine  tliJH  point  will  be  made  during  1905. 
The  same  thing  can  be  done  with  the  giant  rye-grass.  At  the  present 
time  the  need  of  these  grasses  can  not  be  purchased,  but  usually  it 
would  not  be  difficult  to  gather  it.  This  can  be  done  by  heading  the 
grasses  with  a  sickle  and  putting  tlie  heads  in  a  sack,  or,  if  a  large 
quantity  is  desire<l,  there  is  no  reason  why  the  bunch-grass  could 
not  be  gathered  with  a  header  and  thrashed  out  with  a  flail.  A 
thrashing  machine  could  l>c  iKvd  instead  of  a  flail  if  the  wind  were 
shut  off.  The  giant  rye-grass  could  easily  be  gathered  by  using  a 
sieif -binder. 

In  the  foothills  region  lying  between  the  semiari<i  grazing  lands 
and  the  mountain  meudows  there  are  large  areas  of  scab  land  (land 
where  the  soil  is  very  thin  and  gravelly  and  full  of  stones).,  especially 
on  the  hilUo{>s  (see  PI.  II,  fig.  1).  In  these  regions  the  grasses  have 
been  almost  completely  destroyed,  and  the  prevailing  vegetation  now 
consists  of  scab-land  tjagebrush  {Artemisia  ri^jida),  mountain  sage- 
brush (il.  arbuHcula),  bitter  brush  (Purshia  trtdentata),  and  vari- 
ous species  of  Eriogonum,  all  of  which  furnish  considerable  browse. 
Under  proper  management  the  grasses  here,  will  eventualiy  restore 
themselves,  but  the  process  will  take  a  long  time,  in  some  instances 
probably  ten  to  fifteen  years.  The  restoration  may  be  hastened  by 
■scattering  bunch  wheat-grass  seed,  but  it  is,  perhaps,  a  question 
whether  the  process  of  restoration  will  not  cost  more  than  the  original 
value  of  the  land. 

MOUNTAIN    08AZING    AREAS. 

The  mountain  grazing  areas,  or  summer  pastures,  are  at  the  present 
time  very  important  factors  in  the  range  problem  of  the  State.  With 
the  large  quantities  of  hay  that  ran  Ik;  raised  in  the  irrigated  valleys 
for  winter  feeding,  the  numl>er  of  range  stock  that  the  State  can  sup- 
[jort  is — except  in  the  (Okanogan  country,  where  the  quantity  of  hay 
raised  is  limited— directly  dependent  upon  the  number  of  stock  that 
these  summer  paslurt^s  will  carry. 

Fortunately,  the  restoration  of  the  mountain  grazing  areas  will  not 
be  at  all  difficult.  Ilerc  the  annual  precipitation  is  ample  to  support 
an  abundant  vegetation,  which,  if  given  an  opportunity,  will  s<K)n 
grow  up  again.  While  in  many  of  the  mountain  areas  the  vegetation 
iiaa  been  badly  cleaned  out  by  sheep,  the  most  serious  damage  has 
been  caused  by  stock  tramping  <»n  the  land  too  early  in  the  season, 
which  has  resulted  in  the  ground  becoming  badly  packed.  In  the  true 
mountain  meadows  (see  PI.  II,  fig.  2),  where  mountain  clover  {Trifo- 
Uum  longipes),  mountain  timothy  (Phlenm  alpinum.)^  and  various 
sedges  and  rushes  comprise  the  vegetation,  there  is  still  an  abundance 
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of  feed,  but  the  carrying  capacity  of  these  placesj  has  l>eeii  greatly 
reduced  by  the  continual  tramping  of  stock  and  consequent  packing 
of  the  ground.  On  the  hillsides  surrounding  these  meadows,  where 
the  soil  is  much  lighter,  the  herbage  has  in  many  places  been  killed. 
This,  if  protect«?(I  and  given  an  opportunity,  will  quickly  return. 
The  worst  feature  in  this  restoration  process  is  that  many  weeds 
which  have  been  brought  in  by  the  sheep,  of  absolutely  no  value  for 
grazing  purposes — not  even  the  sheep  will  eat  them — are  given  an 
equal  chance  with  the  good  forage  plants. 

In  many  place-s,  some  of  them  covering  large  areas,  the  process  of 
restoration  can  be  very  greatly  hastened  by  reseeding.  Not  only  can 
these  areas  be  brought  back  to  their  original  carrying  ca])acity  by 
reseeding,  but  it  is  the  firm  belief  of  the  writer  that  in  many  instances 
their  carrying  capacity  can  actually  be  made  much  greater  than  ever 
(see  PI.  I,  figs.  1  and  2).  This  is  esi)ecially  true  of  the  mountain 
meadows.  In  the  majority  of  cases  the  reseeding  can  l>e  done  at  a 
very,  small  cost,  varying  from  75  cents  to  $2  per  acre,  depending 
on  the  kind  of  grass  seed  used  and  the  number  of  jKumds  per  acre. 
Even  these  figures  can  probably  be  lowered  if  the  seed  is  bought  in 
considerable  ([uantity. 

In  the  mountain  meadows  that  are  not  too  swampy,  especially  in 
those  areas  where  mountain  clover  grows  abundantly,  timothy  can 
be  used  to  e.'icellent  advantage.  For  the  outskirts  of  these  meadows, 
where  the  soil  is  a  little  too  dry  for  timothy  to  make  its  bes-t  gi-owth, 
tall  fescue  (Fettuca  elaiior),  brome-grass  {Bromm  wermin),  and 
probably  orchard  grass  can  be  recommended.  On  the  gravelly  hill- 
sides mountiiin  brome-gi-ass  (finimug  mart/mattiif),  a  native  grass, 
can  lie  grown  to  g<K>d  advantage.  So  far  as  known,  there  is  no  seed 
of  this  latti'r  grass  on  the  market.  However,  if  there  sliould  tn-  suf- 
ficient demand  for  it.  arrangements  could  Ih"  made  for  securing  it^ 

The  alKJve  inclusions  have  lH>en  n>ached  after  two  years  of  experi- 
mentation and  of  study  of  the  mountain  omditions. 

In  the  autumn  of  1902  Messrs.  W.  H.  Balicock  and  E.  F.  Itens<m 
offered  the  Office,  of  (Jrass  and  Forage  Plant  Investigations  the  u.se 
of  a  section  of  land,  which  they  agreed  to  fence,  in  their  mountain 
pasture  on  the  IVenatchee  Mountains,  about  midway  between  Ellens- 
burg  and  Wenatchec.  This  offer  was  gladly  accepted,  and  experi- 
ments to  determine  what  grasses  could  lie  used  in  the  improvement 
of  these  mountain  areas  were  inunediately  Ix'gun.  The  land  selected 
is  on  top  of  the  Wenatchee  ridge,  and  is  at  an  altitude  of  a  little 
more  than  5,000  feet.  The  conditions  on  this  section  are  typical  of 
(rue  mountain  range,  varying  from  fertile  mountain  meadows  and 
open  parks  to  old  tinil>er  bums  and  scab-land  areas. 

The  following  gra-sses  and  forage  plants  were  seeded  the  same 
autumn:   Timothy,    Kentucky    bluegrass    (Poa    prntensia),    redtop. 
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■white  clover,  au<I  iiioimtain  brome-grass  {Bromus  marginatum) . 
These  were  seeded  in  plots  of  approximately  5  acres  each.  On  half 
of  each  of  these  plots  the  seed  was  broadcasted  without  further 
preparation.  On  the  remaining  half  the  seed  was  harrowed  in  with 
a  spring-toothed  harrow.  In  addition  to  these,  small  plots  of  Cana- 
dian rye-grass  (Elymiin  canadctinh)  and  wild  wheat  (Elymue  triti- 
coid^s)  were  seeded. 

In  the  spring  of  1003  the  first  five  plots  were  duplicated  and  the 
following  grasses  and  forage  plants  were  udded:  Brome-grass 
(Sromwa  inermw).  perennial  rye-grass.  {Lolium  perenne),  Italian 
rye-grass  {Lolium  itnliciim) .  orchard  grass,  Canadian  bhiegrass 
(Poa  compreasa),  tall  fescue  (Festuca  elatior),  sheep's  fescue  {Fes- 
titcu  oi'lnn).  hard  fescue  {Fextnra  dvriuscula),  cheat  [Bromvs  scca- 
linus),  alsike  clover,  and  red  clovw.  All  of  these,  excepting  orchard 
grass,  Italian  rye-grass,  sheep's  fewcue,  and  mountain  brome-grass, 
were  duplicated  in  the  fall. 

In  the  autumn  of  1!)04  some  of  these  grasses,  together  with  six 
different  kinds  of  vetches  and  some  native  grasses,  were  seeded  on 
plowed  gi'ound.  Reports  of  these  1904  exj^riments  will  l)e  published 
when  completed. 

In  the  ttl>ove  experiments  the  following  gras,ses  have  given  totally 
negative  results,  the  seed  failing  to  germinate:  Canadian  rye-grass, 
wild  wheat  (Eli/mus  triticotdes) ,  Kentucky  bluegrass,  white  clover, 
and  hard  fescue  {Fentnca  dnriuscula) .  In  the  following  cases  the 
seed  has  germinated  fairly  well,  but  the  plants  have  not  made  satis- 
factory growth:  Canadian  bluegrass,  perennial  rye-grass,  Italian 
rye-grash,  re<l  clover,  and  alsike  clover.  It  may  be  that  another  year 
the  alsike  clover  will  do  better.  So  f.ir  the  writer  has  been  unable 
to  de'termiiie  whether  the  failure  of  this  plant  has  been  due  to  lack 
of  niti-ogen  bacteria  or  to  unfavorable  conditions  in  the  soil.  Another 
year's  work  will  probably  demonstrate  the  cause  of  the  failure  of 
this  plant. 

Redtop  and  cheat  {Bronius  HccalinuH)  have  l>oth  made  a  fair 
growth,  but  can  hardly  be  recommended  nt  this  altitude  (SjOOO  feet). 
Of  the  entire  list  of  grasses  tested,  the  following,  in  the  order  in  whicli 
(hey  are  named,  have  proved  themselves  adapted  to  mountain  range 
conditions:  Timothy  (see  PI.  I.  figs.  1  and  2),  mountain  brome-grass 
(Bromim  marginatus) ,  tall  fes<rue.  and  brome-gras.s.  It  is  probable 
that  orchard  grass  will  also  prove  of  value  in  such  areas. 

\\Tiile  these  experiments  have  demonstrate*!  that  (ho  range  can  Ix* 
grSitly  improved  by  reseeding,  they  have  also  shown  that,  if  it  is  pos- 
sible to  do  so,  the  si'cd  should  l)c  harrowed  in.  On  those  ai-eas  whci-e 
the  soil  is  loose,  or  where  pine-grass  (Calamagrostis  miksdorf/i) 
grows,  a  spring-toothed  harrow  will  be  found  the  most  satisfactory. 
On  those  areas  where  the  sedges  and  mountain  clover  abound,  far 
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■  l«tter  results  will  be  obtained,  if  the  cost  is  not  too  great,  by  using  a 
disk  harrow.  In  many  cases  it  is  quite  possible  that  a  bunch  of  yheep 
would  be  fully  as  efficient,  although  this  can  not  be  recommended 
with  assurance,  as  it  has  never  been  tried.  The  timothy  seeded  on  the 
plots  without  harrowing,  in  the  autumn  of  1902,  germinated  fairly 
well,  but  the  diflference  between  the  harrowed  and  unharrowed  parts 
of  the  plot  was  very  great — great  enough,  in  fact,  to  well  repay  the 
cost  of  harrowing.  The  same  thing  held  true  on  the  plots  of  redtop 
and  mountain  brome-graas. 

In  the  work  of  the  spring  of  1903  nearly  all  the  seed  not  harrowed 
in  failed  to  germinate,  while  wherever  the  seed  was  harrowed  in  a 
fair  stand  was  obtained.  This  latter  experiment,  and  a  study  of  the 
soil  conditions,  would  show  it  to  be  a  waste  of  effort  to  seed  in  the 
spring  without  covering,  as  the  top  of  the  ground  dries  off  before  the 
seeds  can  get  moisture  enough  to  enable  them  to  germinate  and  grow, 
Mr,  Benson,  one  of  the  owners  of  the  range,  thinks  that  the  experi- 
ments have  shown  conclusively  that  it  is  a  waste  of  seed  to  sow  it 
witliout  harrowing.  This  is  undoubtedly  true  of  spring  seeding,  and 
probably  also  of  fall  seeding  with  many  of  the  grasses-  However,  it 
is  possible  to  sow  timothy  and  mountain  bronie-grass  and  to  secure  a 
fair  stand  without  covering,  but,  as  stated  above,  the  extra  cost  of 
harrowing  will  be  well  repaid. 

The  use  of  the  harrow  is  also  strongly  urged  for  other  reasons.  It 
is  very  noticeable  that  wherever  the  harrow  has  been  used  the  native 
grasses  and  forage  plants  have  germinated  much  more  profusely, 
and  in  Bmall  spots  where  there  happened  to  be  seed  scattered  from 
a  few  individual  plants  the  stand  has  been  greatly  tliickened.  This 
is  especially  true  of  one  of  the  forms  of  Bromus  marffhuitus,  which 
grows  native  on  that  section,  of  mountain  needle  grass  (Sttpa  ocai- 
dentalia),  and  of  the  wild  pea  {Vicia  uviericana). 

In  this  connection,  fall  seeding  instead  of  spring  seeding  is  r»!c- 
ommended.  The  reason  for  this  is  that  the  snow  usually  comes  early 
in  the  autumn  and  goes  away  late  in  the  spring.  As  a  consequence, 
the  ground  seldom  freezes  deep,  and  when  the  snow  melts  in  the 
spring  it  has  a  tendency  to  bury  the  seed  sown  late  in  the  fall.  On 
the  other  hand,  if  the  seed  is  sown  in  the  spring  the  top  of  the  gixmnd 
becomes  so  dry  within  four  or  five  days  after  the  snow  has  disaj)- 
peared  that  the  seed  will  have  no  opportunity  to  germinate  unless 
the  season  should  prove  to  be  an  unusually  rainy  one. 

PBOTBCnON  07  PABTUBEB. 

So  far  emphasis  has  been  put  on  the  fact  that  fencing  is  the  main 
secret  of  range  improvement.  Yet  fencing  is  absolutely  of  no  value 
unless  the  stockman  will  treat  his  pasture  with  just  as  much  care  as 
he  would  his  wheat  field.    Fencing  is  merely  a  means  to  an  end. 


idbyGoOglC 


PBOTECnON   OF   PASTDBBS.  21 

Many  of  the  stockmen,  especially  cattlemen,  seem  to  think  that  when 
they  have  excluded  the  outside  stock,  sheep  in  particular,  from  their 
land,  it  will  carry  whatever  stock  they  may  have,  and  they  are  dis- 
appointed if  it  does  not.  ^yllile  it  is  true  that  some  kinds  of 
htock  do  more  damage  to  a  given  range  than  others,  the  injury  is 
caused  not  so  much  by  the  kind  as  it  is  by  the  niunber  of  stock  and 
the  methods  used  in  handling  it  Just  because  the  stockmaji  has 
fenced  his  range  and  excluded  all  outside  stock  he  must  not  lose 
sight  of  the  fact  that  he  has  not  in  the  least  changed  the  carrying 
capacity  of  his  range. 

To  illustrate  this  point,  the  writer,  during  the  season  of  1904,  had 
an  opportunity  to  study  a  number  of  pastures  that  had  been  newly 
fenced.  One  of  these  pastures,  owned  by  a  stock  company,  was  pur- 
cha.sed  in  the  summer  of  1903  and  fenced  during  the  spring  of  1904. 
This  pasture  was  in  a  region  where  there  is  a  great  deal  of  scab  land, 
which  meant  that  the  carrying  capacity  was  naturally  very  low,  and 
in  a  locality  where  the  vegetation  had  previously  been  nearly  de- 
stroyed by  numerous  bands  of  sheep.  The  owners,  having  eliminated 
the  slieep  and  all  other  stock,  did  not  estimate  its  carrying  capacity, 
but  turned  all  of  their  cattle  into  the  pasture  without  further  atten- 
tion. In  the  autumn,  when  they  came  to  gather  in  their  stock,  they 
found  that  every  bit  of  feed,  including  all  the  browse  the  cattle  could 
get,  was  gone,  and  that  the  stock  were  in  very  poor  shape,  some  of 
them  being  in  a  half-star\-ed  condition.  These  men  by  overgrazing 
their  pasture  lost  heavily,  as  they  will  have  to  feed  a  great  deal  of 
hay  to  bring  their  cattle  back  to  the  condition  they  were  in  when 
turned  into  the  pasture.  Not  only  did  they  lose  heavily  on  the 
cattle,  but  they  also  did  the  range  a  very  serious  injury,  for,  instead 
of  supporting  more  stock  another  year,  its  carrying  capacity  has  been 
greatly  lessened. 

Another  range  adjoining  the  one  just  mentioned  has  also  suffered 
heavily  from  overstocking.  In  this  case  the  owners,  at  the  time  they 
turned  their  cattle  in,  bdieved  that  their  range  would  actually  im- 
prove with  what  stock  they  had  on  it.  However,  they  miscalcu- 
lated, and  not  only  will  it  take  considerable  hay  to  bring  the  majority 
of  their  stock  back  to  good  condition,  but  it  will  also  be  some  time 
before  the  damage  done  to  their  range  can  be  made  good.  Wliile 
these  two  pastures  were  the  only  ones  observed  that  were  so  over- 
grazed that  the  stock  were  really  poorer  when  taken  out  than  when 
put  in,  several  other  pastures  were  noticed  in  which  the  carrying 
capacity  will  be  lower  another  year  than  it  was  during  the  past 
season,  owing  to  the  fact  that  the  native  vegetation  has  been  too 
closely  grazed. 

The  first  step  that  the  stockman  should  take  after  his  pasture  is 
fenced  is  to  make  »  careful  estimate  of  the  number  of  stock  it  will 
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carry,  being  very  sttre  not  to  overestimate,  which  he  is  almost  certain 
to  do.  ■  In  making  this  estimate  he  must  not  base  it  on  the  maxi- 
mum number  of  stock,  i.  e..  all  the  stock  that  the  pasture  will  carry 
and  bring  through  in  good  condition  without  i-eference  to  the  condi- 
tion in  which  the  pasture  is  left  at  the  end  of  the  season,  but  an  opti- 
mum number.  An  optimum  nnmber  of  stock  is  that  number  which 
the  pasture  will  carry  and  bring  through  in  good  condition  at  the 
end  of  the  season,  and  still  be  left  in  condition  to  carry  the  same 
stock  another  year,  and  so  on  indefinit«ly.  This  means  that  the  stock- 
man must  make  a  cai'eful  study  of  his  range,  and  be  ready  to  revise 
his  estimates  whenever  he  sees  that  it  is  necessary  to  do  so.  By  far 
the  safest  plan  will  be  to  pasture  somewhat  under  the  optimum  num- 
ber, and  thus  be  prepared  for  a  mistake  in  the  estimate  or  for  an 
unusually  dry  year.  In  case  the  range  is  badly  deteriorated  when 
the  stockman  first  gets  control,  it  will  be  absolutely  necessary  that  it 
be  pastured  considerably  under  the  optimum  number  if  he  wishes  his 
range  to  improve.  While  this  may  perhaps  be  a  severe  strain  on  him 
for  the  first  year  or  two,  it  is  nevertheless  the  only  solution.  In  many 
instances  he  may  be  able  to  take  advantage  of  the  outside  range  while 
his  pastures  are  improving. 

Plate  III,  figures  1  and  2,  shows  very  plainly  the  difference  between 
maximum  and  optimum  grazing.  The  pasture  shown  in  figure  1  is 
very  badly  depleted  and  very  little  vegetation  remains  except  June 
grass  {Poa  sandhergii)  and  weeds.  This  pasture,  instead  of  being 
given  a  chance  to  revive,  has  been  grazed  to  its  highest  carrying 
capacity  each  year,  with  the  result  that  it  is  gradually  deteriorating. 
The  pasture  shown  in  figure  2  belongs  to  the  neighboring  range.  Its 
owner,  instead  of  trying  to  get  all  out  of  his  range  that  he  possibly 
can  from  year  to  year,  has,  by  using  an  optimum  number  of  stock, 
given  it  a  chance  to  improve.  At  the  present  time  the  carrying 
capacity  of  his  range  is  at  least  double  that  of  the  pasture  shown  in 
figure  1. 

Mr.  Joseph  Burtt  Davy,  in  his  report  on  the  stock  ranges  in  Cali- 
fornia, where  the  same  range  conditions  have  be<'n  passed  through  as 
are  going  on  in  Washington,  says : 

Success  on  one  range,  aa  compared  with  follure  od  an  nUjoinlng  one,  is  not 
due  to  auy  dfCTerence  lu  location  or  other  range  conditions,  nor  to  any  difference 
in  the  grasses  or  otiter  plaiita  componln^  the  pnxture ;  the  natural  conditions 
generaliy  are.  or  have  been.  Identical  with  those  ot  adjacent  and  less  productive 
ranges.  The  secret  lies  tn  good  managetneut.  and  good  ntanagement  primarily 
consists  in  carrying  the  optimum  number  of  stock  and  allowing  plenty  of  grass 
to  go  to  seed — to  go  to  waste,  as  the  majority  of  stockmen  would  call  It 

Mr.  J.  II.  Clarke  and  Colonel  Harding,  both  succensful  i<ti>ck  ranchers  on  B 
large  scale,  are  agreed  in  declaring  that  over  thirty  years  ot  eni>erlence  proves 
that  this  surplus  grass,  Instead  of  being  wasted.  Ix  equivalent  to  so  much 
<:apltal  Invested  in  the  range,  and  is  the  cause  of  (he  prosperity  of  ttie  few  as 
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compared  with  the  failure  or  poT^-ty  of  the  many.  Sacb  men  do  not  stock 
nearlr  up  to  tbe  maximum.  Owning  ttielr  own  rangee,  and  tberefore  not  bavlng 
to  pay  exorbitant  interest  on  tbe  capital  Invested,  tbey  are  content  wltb  the 
profits  obtainable  from  tbe  optimum  number  of  stock.  As  a  result  of  thle,  the; 
not  only  maintain  a  uniform  carrying  capacity  wltliout  deter lornt [on,  but  gain 
In  other  ways.  Tbelr  wool  ts  always  cleaner  and  commands  a  half  cent  a  pound 
more  than  that  of  ttteir  neigbltors,  and  both  tbelr  mutton  nheep  and  tbelr 
lambs  command  a  higher  price.  "  We  aim,"  writes  Mr.  Clarke,  "  to  keep  no 
more  atoob  than  the  ranee  will  easily  aujiport  Better  u  superabundance  of 
feed  than  a  warcity."  " 

AiiTKKN-Ainnr  of  fastubxb. 

In  many  parts  of  the  State  of  Washington  the  ranges  would  be 
greatly  benefited  if  the  owner  instead  of  having  one  large  pasture 
would  subdivide  it  into  a  number  of  snail  ones,  so  that  once  in 
three  or  four  years  each  pasture  would  have  a  chance  to  rest  and 
reseed  itwlf.  This  would  not  mean  that  the  owner  would  be  deprived 
of  the  feed  from  that  field,  but  simply  that  he  would  let  the  field  lie 
idle  for  a  couple  of  months  during  the  time  of  going  to  seed,  and  use 
the  dry  feed  later  in  the  season.  It  would  probably  be  necessary 
to  protect  this  field  from  heavy  grazing  long  enough  in  the  following 
spring  to  give  the  young  plants  a  chance  to  become  -so  well  established 
that  the  stock  would  not  pull  them  up. 

This  method  has  been  tried  with  very  good  success  in  Texas,  and 
haii  been  found  to  be  of  great  value  in  range  restoration.  Mr.  J.  G. 
Smith,  formerly  of  the  Office  of  Grass  and  Forage  Plant  Investiga- 
tions of  the  Department  of  Agriculture,  who  made  a  careful  investi- 
gation of  the  stock  ranges  of  that  State,  makes  the  following 
statement : 

A  rest  of  two  or  three  months  during  tbe  growing  season  in  early  spring 
would  enable  the  early  grasses  to  ripen  and  shed  their  seedH.  thus  perpetuating 
tbe  early  species.  After  tbe  seed  bad  fallen,  tbe  oittle  could  be  turned  on  tbe 
graas  Tor  two  or  three  months  and  again  trancferred  to  a  fresh  paature.  In 
the  same  way  autumn  and  winter  pastures  can  be  secured.  Several  Htoekmen 
who  have  employed  this  method  on  a  large  scale  for  a  number  of  years  say  that 
their  rangcH  are  <!ontiiiually  Improving,  In  marked  contrast  to  tbe  deterioration 
that  hart  occurred  through  bad  treatment  of  neighboring  properties  where  tbe 
old  methods  were  practiced.  It  Is  also  claimed  that  pasture  land  thus  treated 
will  carry  more  head  <)r  cattle  through  the  year  and  bring  them  out  in  Ijetter 
condition  than  where  the  herd  has  access  at  all  seujiotis  of  the  year  to  all  i)or- 
tlons  of  tbe  range.  >• 

Later  experiments  to  prove  this  point  were  carried  on  by  the  Office 
of  Grass  and  Fomge  Plant  Investigations  at  Abilene,  Tex.,  and  the 
results  have  shown  conclusively  that  alternation  of  pastures  is  one 

o  Bnl.  12,  Bureau  of  Plant  Industry,  U.  a.  Dept  of  Agriculture,  p.  43. 
»  Bui.  16,  Division  of  Agrostology,  IJ.  8.  X>ept  of  Agriculture,  p.  22. 
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of  the  important  steps  in  the  improvement  of  the  ranges  of  that 
State." 

In  east«m  Washington  some  of  the  more  successful  stocltmen  use 
this  method  to  the  extent  of  dividing  their  holdings  into  winter  and 
summer  pasture-s.  Undoubtedly  much  of  their  success,  as  compared 
with  the  failure  of  others,  can  be  very  largely  attributed  to  that  fact. 

U8INO  PASTUBBS  BSFOBB  OBOtnm  IS  BETTLED  IN  THE  SFBINO. 

One  of  the  most  serious  damages  to  the  range  is  caused  by  turning 
the  atock  upon  it  too  early  in  the  season.  A  great  deal  of  the  injurj' 
that  has  been  done  by  slieep  is  due  to  this  cause.  Their  owners,  in 
order  to  get  ahead  of  others,  have  pushed  the  sheep  out  on  to  the 
bunch-grass  land  while  the  ground  was  still  soft  and  "  punchy."  In 
this  maimer  the  ground  became  badly  packed  and  many  young  plants 
were  destroyed  almost  before  they  had  begun  to  grow,  while  much  of 
the  prevailing  vegetation  was  greatly  retarded  in  its  growth  by  being 
nipped  too  early  in  the  season.  This  same  process  was  kept  up  as 
they  followed  the  retreating  snow  up  into  the  high  mountains.  Nu- 
merous instances  have  been  observed  where  sheep  have  been  run  over 
the  mountain  ranges  even  before  the  frost  was  out  of  the  ground. 

When  the  stockman  once  gets  his  range  under  his  control  he  should 
endeavor  to  avoid  too  early  grazing.  He  will  find  that  in  the  long 
run  it  will  be  better  to  hold  the  stock  from  this  area  until  the  ground 
has  become  settled  and  the  vegetation  has  had  a  good  start.  If  it  is 
impossible  to  do  this,  he  should  endeavor  to  confine  the  damage  to  as 
small  an  area  as  possible. 

lUPBOVEKENT  OF  STOCK. 

\ot  only  should  the  stockman  do  all  he  can  tp  improve  his  land, 
but  he  should  strive  equally  hard  to  impi-ove  the  quality  of  his  stock. 
In  the  early  days,  when  there  was  plenty  of  g<M»d  range,  it  made 
comparatively  little  difference  about  the  quality  of  stock,  as  even  a 
poor-gi'nde  animal  would  yield  a  good  profit.  To-day,  witli  the 
rapid  fencing  of  the  range,  thase  conditions  are  changed.  Now 
grass  almost  everywhere  costs  money.  Land  must  for  the  greater 
part  be  owned  or  rented.  The  stockman  can  no  longer  afford  to 
keep  that  type  of  stock  that  does  not  give  him  the  best  returns  for 
the  effort  exjjended  and  that  will  best  cover  his  range,  whether  it 
be  cattle,  sheep,  or  horses. 

«  Bui.  Ill,  Bureau  uf  I'lant  Judustry,  V.  ».  IKpt  of  Ain'icultiiix',  |i]i.  U)  Htiil  20. 
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Agropiiron    npirnttim 

KruHN).  III.  Hi.  ii. 
«aftri»f»»wm(  Woolly  wlieat- 

AgniftU  alba  <H«dtop).  18,  ID.  20. 
Airalfa  iMedimgo  Mtiva).  W. 
AlKlko  clover  {Trifolium  hybrinum).  111. 
Artcmiiia  arlni»CHla   (MountAiii  Boge- 
bruHh),  17. 
rlgiila      (ac-ob-laud      saRe- 

liniith),  IT. 
Iri^eiilata  (Sagebrusli).  l.t. 
15.  IC. 

Halnamwrhiza.  rareyana  {Snnflowi^r). 

Bitter  hruBh  (/'ursftio  tridentata),  14, 

1.1.  17. 
Brotne-^rass  {Bromwi  inrrmin),  18,  19. 
Bromm  inermig  (Bronie-gratw),  18,  19. 
marginalat  (Mountalu  brome- 

graiio).  18.  19.  20. 
»ecalinu»  (Cheat),  19. 
Buncb-Kmxs,  16,  17. 
Bunch  wheat-grnaa  {Agropgron  tpica- 
turn),  15,  16,  17. 

Calamagroatii  suksdorfli   (Plne-grnwj), 

10. 
Canadian  bluegrass  (Poa  cimpresm). 
19. 
rye-grass  {Elymun  canaden- 
»i«).  10. 
Carcx  spp.  {Sedges).  IT. 
Cbeat  {Bromua  aeoalinun) ;  19. 
Chrytolhavinus  «au«rosun  and  C.  iU- 
cldiffora*    (Rabbit  brnsb  or  yellow 
saieebrush),  18. 


BlymiM    canadensis     (CaDsdlnn    rye- 
grass), 10. 
condensatus       (Giant      rye- 
grass). 15.  16.  17. 
triticoide*  (Wild  wheat),  19. 
Eriocoma   cusptdala    (Indian    millet). 
14.  15. 


(Biineb    wheat-  |   Hurotia  laiiata  (Whitp  Bage),  U. 

Fvntttca  duriUHVula  (Hun!  fi-wtie).  19. 
rlatior  (Tiill  femuc).  IS.  10. 
ifcina  (Sljeep'H  feseue),  19. 


Giant  rje-grass  {Elvmm  condensatu/i), 

1.1,  Hi,  17. 
flragia  uplnima  (lli>ii  wiiiro),  H.  . 
Greasewooil     {^artvWiluK     rermiciila- 

/«»).  14. 

Hairy  vetoh  (VMa  illlosit).  \C<. 
Hard  fesme  (Fcntuca  duriuirala) ,  19. 
Hop  unge  (Grayia  apinoKa),  14. 

Indian    millet    {Briixoma   cuspidala) , 

14,  15. 
Italian    rye-grase    {Lotium    italicum). 


19. 

iledicago  tatlva  (Alfalfa),  lit. 
Mountain   bronie-grttss    {Broman   mar- 

ginatun).   18,  19.  20. 
clover  (Trlfolium  longipc^i). 

17,  10. 
needle  grass  {Stipa  ucclden- 

taii»).  a), 
sagebrush     (Artemisia    ar- 

baacHla) ,  IT. 
tlniotby  iPMeum  alpinuin), 

17. 

Needle  grass  {Stipa  comata),  14,  15. 

Orchard   grass    [Dartylis   glomerata), 
IS,  10. 

Perennial  rye-grass  (Lolium  pcrenne). 


Krlogouum,  15,  17. 
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riilcum  alplnum  (Mountain  ttmothy) 


Pija  compreMa  (Canadian  bluegrass), 
1ft 
praleiuia    (Kentucky    bluegrass ) , 

la  la 
fandbei-gii  (June  Krass).  IB.  22. 
Pnmhla  Mdenlala  IBltter  brush),  14, 
15,  16. 

HabMt  bruHb  (flliry»ofhamnui>  nauico- 

*ua  and  f.  vlm-Mlftorun) ,  16. 
Red  clover  (Trifolium  pralenve),  ID. 
Redtop  (Aorvstls  alba),  18,  Id,  :!0. 
Rusbes  (Jimcuit  spi>.),  17. 

SagebruBb  {Artemisia  tridcntata) ,  13, 

15,  la 
Sand-grum  {Htipa  coniata),  14. 
Sarcobalutt      vKrmitmtatuii       (Ureaae- 

wood).  14. 
Scab-land    eag^nish     (Artemitia    ri- 

l/ida),  17, 
Sedges  (Carcx  app.),  17. 
Sbeep'H  (est'ue  (/■'cstucrt  vvhta).  19. 
Stipa  comata   (Needle  grass  or  uaad- 
graea),  H,  15. 


8Upa    occidenlalit    (MonntalB    needle 

grass).  20. 
SuuOower  (BalMtnorrhfea  oarevofM), 
15. 

Tall  fcflcue  (Festuca  elaUor).  la  19. 
TIniotUy  f.Phleum  praeense),  18.19,20. 
TrHoliumhybriaumi.X\9nie  clover).  1ft 
longlpeg  (Mountain  clover), 

17,  1ft 

pralense  (Red  clover),  19. 
repens  (White  clover)  18,19. 

Vetche*.  19. 

Vlaia  amcrleaiia  (Wild  i>ea),  20. 
ritlosa  (IlHlry  veteb),  1& 

Wblte  clover   (TrifoHutn  iTpmn),   IS, 
1ft 
BaRC  (Eurotia  tanata),  14. 
Wild  pea  (Vioia  amcrtcana).  20. 

wbent  (Ett/mut  trUicoides) ,  19. 
Woolly  wbeat-grass    {Agropynin   bu6- 
villoaum),  15. 
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DBSOBIFTZON  OF  PLATES. 

Plate  1.  Frmttiapinfc  Range  improveui^nt  by  reaeediiig,  Fig.  1. — Mountain 
meadow  where  tlmotby  wnn  seeded  In  the  autumn  at  1902.  The  prevftlling 
Tegebitlon  In  the  foreground  In  mouiitnln  clover  (TrifoUum  longipes),  which 
makem  very  little  growth.  Fig,  2. — The  same  plot  illustrated  In  figure  1 
two  years  later,  showing  the  stand  of  timothy  secured. 

Plate  II.  Types  of  permanent  range  land  not  adapted  to  other  uses.  Fig.  1. — 
Typical  Hcab  land.  Bunch  wheat-grass  grew  abundantly  In  these  areas  )>e- 
fore  overgrazing  took  place.  Fig.  2. — A  mountain  meadow.  A  typical  place 
for  seeding  timothy.  Tall  fescue  and  brome-grass  will  grow  to  advantage 
along  the  timber  edges. 

Plate  III.  Bunch  witeat-grass  pastures.  Fig.  1. — Bunch  wheat-grass  pasture 
that  hns  been  continually  overgrazed  until  nothing  but  June  grass  (Poa 
gandhergii)  is  left.  Fig.  2. — A  bunch  wheat-grass  pasture  that  has  been 
properly  handled.  The  photographs  for  figures  1  and  2  were  tabeu  on 
adjoining  ranges. 
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Fig.  2.— a  Mountain  Meadow. 
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—Pasture  that  has  bi 


Fig.  2— Buncm  Wheat-ghass  Pasture  that  has  been  Properly  I- 
BUNCH    WHEAT-GRASS    PASTURES. 
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LETTER  OF  TRANSMIHAL 


U.  S.  Department  op  Aoeicui-tueb, 

Bureau  of  Plant  Industbt, 

Office  of  the  Chief, 
Wa^hin^ion,  D.  C,  March  J5, 1905. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  Copper 
as  an  Algicide  and  Disinfectant  in  Wnter  Supplies,"  and  to  recommend 
that  it  be  published  as  Bulletin  No.  76  of  the  series  of  this  Bureau. 

This  paper  was  prepare<l  by  George  T.  Moore,  in  charge  of  the 
Ijaboratory  of  Plant  Physiology,  and  Karl  F.  Kellerman,  Assistant  in 
Physiology,  in  the  OflSce  of  Vegetable  Pathological  and  Physiological 
Investigations,  and  was  submitted  by  the  Pathologist  and  Physiologist 
with  a  view  to  publication.  It  is  supplementary  to  Bulletin  No.  64, 
"A  Method  of  Destroying  or  Preventing  the  Growth  of  Algse  and 
Certain  Path<^enic  Bact«ria  in  Wat«r  Supplied),"  and  will  be  of  interest 
and  value  to  all  who  have  to  deal  with  the  problem  of  preventing  algal 
and  bacterial  contamination  of  water  supplies. 
Respectfully, 

B,  T.  Galloway, 

Chief  of  Bureau. 
Hon.  Jahes  Wilsok, 

S^yretary  of  Agriculture. 
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PREFACE. 


laveatigatjons  undertaken  by  this  OflBce  with  a  view  to  finding^  some 
f!heap  and  practical  method  of  preventing  or  removing  algal  and  bac- 
terial cootaminatioriH  from  water  .supplies  have  demonstrated  the 
peculiar  value  of  copper  as  ao  agent  for  this  purpose.  The  possibili- 
ties in  the  use  of  this  salt  are  briefly  outlined  in  a  previous  bulletin 
(No.  6i)  entitled  "A  Method  of  Destroying  or  Preventing  the  Growth 
of  Algffi  and  Certain  Pathogenic  Bacteria  in  Water  Supplies." 

During  the  summer  of  1904  many  lakes  and  reservoirs  were  treated 
under  the  direct  supervision  of  representatives  of  the  Laboratory  of 
Plant  Physiology,  and  it  has  become  desirable  to  present  the  data 
gained  in  the  season's  experience,  together  with  definite  recommenda- 
tions in  regard  to  the  methods  of  procedure,  so  that  those  having  to 
deal  with  the  question  of  contaminated  water  may  do  so  to  the  best 
advantage. 

With  reference  to  the  occasional  objection  offered  to  the  use  of  cop- 
per as  an  algicide  and  disinfectant,  it  ought  to  be  amply  sufficient  to 
state  that  a  careful  study  of  all  the  leading  authorities  on  the  subject 
fails  to  reveal  any  argument  or  evidence  which  can  be  adduced  in 
opposition  to  the  use  of  copper  for  this  purppsc.  Authorities  every- 
where unit«  in  defending  the  use  of  copper  as  a  means  of  destroying 
polluting  organisms  in  water,  and  agree  that  it  can  be  used  with  impu- 
nity as  advised  by  the  authors. 

Albert  F.  Woods, 
Pathologiat  and  Physivlogist. 

Office  of  Veoetabi.e  Pathological 

AND  PhTSIOLOOICAL  INVESTIGATIONS, 

Washington^  D.  C,  March  U,  190$. 
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COPPER  AS  AN  ALGICIDE  AND  DISINFECTANT  IN 
WATER  SUPPLIES. 


ufTUODnonoH. 

Ac  the  time  of  publication  of  the  results  of  the  experimental  uae  of 
copper  sulphate  as  an  algicide  and  disinfectant  in  polluted  water,"  deS- 
nite  recommendations  concerning  the  proposed  method  of  treatment 
were  avoided.  This  was  done  both  to  check  those  who  through  igno- 
rance or  excess  of  zeal  might  be  led  to  unnecessary  or  extravagant 
applications  of  the  treatment  and  to  gain  the  additional  information 
of  a  season^s  experience  by  maintaining  supervision  over  treated  sup- 
plies. The  work  can  no  longer  be  considered  in  an  experimental 
stage,  however,  and  the  pre^nt  need  is  not  an  exposition  or  explana- 
tion of  the  method  but  a  discussion  of  actual  experience,  which,  by 
setting  forth  the  conditions  presented,  the  difficulties  encountered,  and 
the  success  attained,  may  serve  as  a  guide  to  the  water  engineer  and 
to  those  who  find  it  necessary  to  use  copper  in  dealing  with  contami- 
nated supplies.  An  attempt  is  therefore  made  to  arrange  and  cor- 
relate the  results  of  laboratory  work  and  practical  applications  of  the 
method,  with  a  view  to  facilitating  the  comprehension  of  the  various 
ideas  involved  in  the  abundant  results  that  the  work  has  yielded. 
Moreover,  it  is  apparent  that  the  prejudice  against  using  copper  in 
drinking  water  is  still  great  in  many  quarters,  and  some  pains  have 
been  taken  to  ascertain  whether  there  exist  sufficient  grounds  for  this 
hoatility. 


The  treating  of  various  reservoirs  has  brought  to  light  an  iuterest- 
ing  fact. 

The  concentration  necessary  to  kill  sigee  in  the  laboratory  is  from 
five  to  twenty  times  as  great  as  that  necessary  to  destroy  the  same 
species  in  its  natural  habitat.  The  reason  for  this  is  difficult  to  dem- 
onstrate. It  is  not  due  to  difference  of  light  and  temperature,  nor 
to  the  greater  proportion  of  the  treated  water  to  the  mass  of  algse  so 
often  found  in  reservoirs.    The  most  probable  explanation  is  that 


Bolletin  64,  Bureau  of  Plant  Industry. 
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OOPPEE   IN   WATBE   SUPPLIB8. 


under  normal  conditions  tbe  rapid  growth  of  the  organism  is  favored, 
with  a  consequent  maintenance  of  the  highest  degree  of  sensitiveness 
to  adverse  conditions.  When  algte  are  brought  into  the  laboratory, 
the  change  is  environment  and  the  injury  from  handling  allows  only 
the  more  resistant  individuals  to  persist,  and  the  forms  developing 
from  these  are,  therefore,  harder  to  destroy  than  are  those  of  the  same 
species  growing  in  nature. 

In  view  of  this  fact  the  quantities  of  copper  sulphate  which  are 
required  to  destroy  the  different  polluting  forme  are  much  less  than 
those  formerly  considered  necessary.  Many  of  the  concentrations  in 
the  following  revised  table  have  l>een  obtained  by  actual  use  in  reser- 
voirs under  natural  conditious.  The  remainder  have  been  determined 
by  analogy,  and  only  on  theoretical  grounds  can  they  be  presumed  to 
be  correct. 

It  will  be  seen  that  there  is  absolutely  no  possibility  of  correlating 
the  effects  of  copper  upon  related  forms  with  the  idea  of  formulating 
a  rule  for  general  use.  Even  8j)ecie3  of  the  same  genus  often  show  a 
greater  variation  in  their  susceptibility  to  copper  than  is  found  in  widely 
separated  genera,  and  the  necessity  of  knowing  the  specific  form  caus- 
ing tbe  difficulty  becomes  more  and  more  evident  as  experience  with 
tbe  effect  of  copper  upon  algce  is  accumulated. 

Number  ofpartt  oftcalgr  to  ont  part  of  copper  nUphate  in  diltitwrti  reeommended  for 

degtrai/ing  different  formt  oj  oigte. 

tWaler  ol  BTenge  bardDCH,  and  lA  k  tempeialure  of  aboul  16°  G.  (M"  F).]a 


ApbaniEomeaon 6, 000, 000 

Anabaena  drdnalis 10, 000, 000 

Anabaena  floe-aquae 10, 000, 000 

Aaterionella 8,000,000 

Begjfiatoa 100,000 

Cladophom 1,000,000 

Chlamydomonaa 1,000,000 

Clathrocyatis 8,000,000 

ClOBterium 6,000,000 

Coelosphaerium 3,000,000 

Conferva  bombycinum 3, 000, 000 

Crenothrix 1, 000, 000 

Deemidinm 450, 000 

Dnpanuldia 3, 000, 000 

Eudorina 100, 000 

Euglena 1,500,000 

Ftagilaria 4,000,000 

Glenodiniam 2,000,000 

Hydrodictyon 10,000,000 

Mallomonae 500, 000 


Microcystis 1,000,000 

Navicula 15,000,000 

Nitella 10,000,000 

Oscillatoria 5,000,000 

Palmella 500,000 

Pandorina 100,000 

Peridinitim 460, 000 

Raphidium 300, 000 

Scenedeemus 1, 000, 000 

Spirogyra 25,000,000 

Stigeoclonium 3,000,000 

Stephanodiscae 250, 000 

Synedra 600,000 

Synura 3,000,000 

Tabellaria 600,000 

Ulothrix 6,000,000 

Uroglena 20,000,000 

Volvojc 4,000,000 

Zygnema 2, 000, 000 


Oladophora 5,000,000  I  lllva  . 

Enteiomorpba 10,000,000  | 
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EFFECT   OF    COPPER   SULPHATE   UPON   PISH.  11 

EFFBOT  07  COFFEB  SITLFHATE  1TP0N  FISH. 

The  effect  of  copper  sulphate  upon  different  species  of  iisb  demands 
more  attention  tban  was  formerly  supposed.  The  treating  of  a  small 
trout  pond  in  Massachusetts  resulted  disastrously  to  about  40  per  cent 
of  the  8-inch  trout  with  which  the  pond  was  stocked,  and  emphasized 
the  fact  that  all  game  fish  are  not  equally  resistant  to  the  effect  of 
copper.  A  series  of  investigations"  has  shown  that  the  brook  trout 
is  more  sensitive  than  any  other  fish  yet  tested.  In  some  cases  1  part 
of  copper  sulphate  to  7,000,000  partsof  water  is  the  maximum  strength 
that  can  be  endured  by  trout  under  5  inches  in  length.  Larger  ones, 
,  as  a  rule,  will  endure  but  a  slightly  stronger  solution,  though  the  treat- 
ment of  one  reservoir  was  reported  in  which  a  solution  of  1  to  1,000,000 
was  used  without  injury  to  trout  or  other  fishes.  Here,  however,  the 
immunity  was  probably  due  to  the  I'apid  precipitation  of  the  copper 
by  organic  matter  or  alkalis^  and  not  to  the  resistant  condition  of  the 
fish.  Reference  to  the  reports  of  reservoirs  treated,  notably  those  of 
Butte,  Mont.,''  Cambridge,  N.  J.,'*  and  Hanover,  N.  H.,' shows  that 
fish  are  uninjured  at  concentrations  ordinarily  used  and  their  presence 
is  no  obstacle  to  successful  treatment. 

Below  are  given  the  maximum  amounts  of  copper  sulphate  which, 
judging  from  a  very  limited  number  of  experiments,  should  be  used 
in  water  containing  fish  of  certain  species.  It  is  hoped  that  work 
planned  in  connection  with  the  Bureau  of  Fisheries  will  make  possible 
a  fuller  report  upon  this  phase  of  the  subject. 

Number  of  paTtM  of  viaUr  to  one  pari  of  copper  sulphate  in  diluliom  which  V!Ut  not  iftjuTt 
fi^  of  certain  tpfdei. 


Trout 7,000.000 

Goldfish 2,000,000 

SnnflBh 760,000 

Perch 1,500,000 


Catfish 2,500,000 

Suckerg 3,000,000 

Black  bass 500,000 

Carp 3,000,000 


Experiments  of  the  United  States  Commission  of  Fish  and  Fish- 
eries/  show  that  1  part  of  copper  sulphate  to  582,000  parts  of  water 
will  kill  quinnat  salmon  in  a  few  hours;  this  suggests  that  this  fish  is 

"At  ColdBpring  Harlxir,  N.  Y.,  through  the  courtesy  of  the  Bureau  of  Fisheriea  and 
the  New  York  Forest,  Fish,  and  Game  Commission. 

6  In  water  containing  carbonates,  it  the  amount  of  dissolved  I'arbon  dioxid  is  very 
low,  the  basic  carbonate  of  copper  formed  may  be  ronaidereil  insoluble;  if,  however, 
the  water  should  contain  a  fair  amount  ot  carbon  dioxid  it  would  bring  the  copper 
carbonate  at  least  partially  into  solution.  In  general,  it  will  be  safe  to  treat  a  lake 
with  a  concentration  beyond  that  which  the  Seh  in  it  could  endure  in  pure  water, 
and  the  concentration  may  increase  with  the  quantity  of  organic  matter  present 

ePage  15. 

dFBgelT. 

'Page  SO. 

/Beport  of  the  Commiseion  of  Fiah  and  Fisheries,  Part  XXVII,  p.  118, 1901. 
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very  sonsitive,  probably  being  killed  at  concentrations  between  those 
fatal  for  trout  and  those  fatal  for  carp. 


The  importance  of  knowing  the  temperature  of  the  contamioatad 
water  is  second  only  to  the  necessity  of  knowing  the  organism  present. 
With  increase  in  temperature  the  toxicity  of  a  given  dilution  increases, 
and  vice  versa.  Assuming  that  IS'-'  C.  (59°  F.)  is  the  average  temper- 
ature of  reservoirs  during  the  seasons  when  treatment  is  demanded,  the 
quantity  of  copper  should  be  increased  or  decreased  approximately 
2.5  per  cent  for  each  degree  below  or  above  15°  C.  It  is  probable  that 
the  influence  of  temperature  could  be  better  expressed  by  geometrical 
than  by  arithmetical  progression,  but  the  accurate  determination  of 
this  point  can  be  made  only  after  experiments  have  been  recorded  in 
various  localities  under  different  conditions  for  a  number  of  years. 

Similar  scales  should  be  arranged  for  the  organic  content  and  the 
temporary  hardness  of  the  water.  With  the  limited  data  at  hand  it  is 
impracticable  to  determine  these  figures,  but  an  increase  of  2  per  cent 
in  the  quantity  of  copper  for  each  part  per  100,000  of  organic  matter 
and  an  increase  of  0.5  to  5  per  cent  in  the  pro|wrtion  of  copper  for 
each  part  per  100,000  of  temporary  hardness  will  possibly  be  found 
correct.  The  proper  variation  in  the  increase  due  to  hardness  will 
depend  upon  the  amount  of  dissolved  carbon  dioxid;  if  very  small,  6 
per  cent  increase  is  desirable;  if  large,  0.5  per  cent  is  sufficient. 


Since  adding  copper  to  a  reservoir  destroys  only  the  polluting 
organisms  then  present  in  the  water,  it  is  possible  that  other  forms, 
the  resting  spores  of  which  are  buried  in  the  mud,  may  develop  after 
treatment  and  occasion  a  second  pollution.  There  is  thus  the  proba- 
bility that  some  reservoirs  will  be  cleansed  of  Anabaena  or  Oscilla- 
toria  or  some  such  polluting  species  only  to  allow  a  subsequent  devel- 
opment of  forms  more  or  less  resistant  to  copper,  such  as  some  of 
the  desmids.  It  is  improbable  that  these  organisms,  or  any  of  the 
algse,  in  fact,  could  develop  rapidly  enough  to  be  the  cause  of  serious 
complaint  and  .still  remain  resistant  to  such  concentrations  of  copper 
as  could  be  safely  used.  At  the  worst  the  presence  of  these  forms 
is  certainly  to  be  preferred  to  that  of  oi^nisms  producing  odor  and 
taste,  and  fortunately  experience  has  shown  that  the  latter  succumb 
so  readily  to  the  copper  treatment  that  their  destruction  has  offered 
no  great  difficulty. 
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OSOB  AKS  TASTE  DUE  TO  LABOE  innCBEBS  OF  AXOJB  KHXED. 

A  certain  proportion  of  the  algaa  killed  by  copper  treatment  floats 
to  the  surface  and  disintep^rates  there,  hut  the  greater  part  apparently 
sinks  to  the  bottom,  and  it  may  sometimes  be  necessary  to  flush  out 
this  lower  stratum  of  water  and  decaying  organic  matter.  In  ease 
large  masses  accumulate  upon  the  surface,  as  may  occur  in  a  reseri-oir 
very  badly  infested  with  Anabaena,  it  is  desirable  to  akmi  off  as  much 
of  this  mass  as  possible.  By  this  means  the  water  can  be  rendered 
fit  for  use  in  the  minimum  length  of  time,  although  such  procedure 
would  be  required  only  in  a  reservoir  in  which  the  polluting  algte  had 
developed  until  the  water  was  in  very  bad  condition,  and  this  should 
never  be  allowed  to  happen.  The  algologiat  of  a  water  company 
should  watch  for  the  appearance  of  polluting  forms,  and  advise  treat- 
ment as  soon  as  signs  of  increase  are  unmistakable. 

The  only  undesirable  effect  of  treating  a  water  supply  which  is  con- 
taminated with  an  alga  producing  odor  and  taste  is  that  during  the 
first  few  days  after  treatment  the  odor  and  taste  may  increase.  In  a 
municipal  supply  in  which  the  service  mains  are  fed  from  the  bottom  of 
the  reservoir  this  increase  may  be  very  marked  and  occasion  additional 
complaint  among  the  consumers.  The  trouble  is,  of  course,  caused 
by  the  simultaneous  disintegration  of  large  numbers  of  algfe  and  the 
consequent  liberation  of  comparatively  large  quantities  of  the  volatile 
oils  to  which  the  odor  and  taste  are  due. 


The  copper  method  has  been  used  throughout  the  year  during  dif- 
ferent seasons  and  under  varying  conditions,  and  the  work  has  fully 
demonstrated  the  value  of  this  metal  for  destroying  the  contaminating 
sigse  in  reservoirs  of  drinking  water,  as  well  as  in  park  takes,  fish 
ponds,  and  similar  small  bodies  of  water  which  must  be  kept  in  good 
condition.  The  first  reservoir  so  treated  was  that  of  the  Winchester 
Water  Company,  at  Winchester,  Ky.  The  organism  polluting  the 
water  was  Annbaena  chrinalwy  and  its  destruction,  as  described  in  a 
previous  publication,"  seems  to  have  been  most  thorough.  But  one 
treatment  was  made  last  year,  and  no  complaint  of  the  quality  of  the 
water  has  arisen  since  the  summer  of  litOS.  Experience  only  can 
determine  how  often  a  reservoir  will  need  ti-eatment,  but  the  results 
at  Winchester  and  with  other  large  bodies  of  water  in  which  none  of 
the  blue-green  algie,  formerly  so  nhimdant,  haie  appeared  since  the 
original  treatment  over  a  year  ago,  and  this  in  spite  of  a  season 
unusually  favorable  for  their  development,  suggest  that  applications 
made  at  long  intervals  will  suffice  to  prevent  a  recurrence  of  the 
contamination. 


a  Bulletin  No.  W,  Bureau  of  Plant  Industry,  p.  27. 
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In  Ma^achusetts  some  abaDdoned  reservoirs  aod  ponds  unfit  for 
supplj'in^  water  for  drinking  purpo»§es  have  been  treated,  but  as  this 
work  was  done  in  cooperation  with  the  State  board  of  health,  which 
has  decided  that  further  experiments  are  necessary  to  determine  the 
final  condition  of  the  copper  used  in  treating  ^>efore  advising  the  gen- 
eral use  of  this  method,  it  seems  bei^t  to  defer  publication  of  whatever 
resulte  have  been  obtained  until  the  board  of  health  is  in  a  position  to 
make  a  definite  statement. 

Probably  the  most  convenient  form  in  which  to  group  the  year's 
results  is  an  alphabetical  list  of  some  of  the  cities  and  towns  in  which 
such  work  has  been  done,  and  a  r^sum^  of  the  cases  when  necessary. 
It  is  impossible  for  various*  reasons  to  include  in  this  list  of  all  of 
the  places  where  copper  sulphate  has  been  successfully  used  for  the 
destruction  of  algte. 

BALTIMORE,  MD. 

Late  in  June  Mr.  Alfred  M.  Quick,  engineer  of  the  wat«r  depart- 
ment of  Baltimore,  reported  some  trouble  due  to  algse.  The  following 
extract  from  his  letter  shows  the  character  of  the  pollution: 

For  some  time  past  thie  department  has  been  in  receipt  of  a  great  many  complaints 
from  coneumere  of  the  bad  condition  of  the  water.  Ice  makers  were  moat  interested, 
as  it  is  necessary  that  water  uw^d  in  making  ice  ehould  be  perfectly  clear.  They 
complained  that  the  bad  condition  generally  occurred  after  long  spells  of  rainy 
weather,  and  generally  at  the  change  of  peaaon— from  apring  to  summer;  also  that  it 
seemed  to  be  practically  impossible  to  eliminate  discoloration.     (June  25, 1904. ) 

Lakes  Clifton  and  Montebello  were  visited  on  June  28  and  were 
found  to  be  badly  infested  with  Anabatita  cireinalis;  the  organiams 
were  unusually  perfect  spirals,  and,  estimated  roughly,  would  count 
about  10,000  to  50,000  per  cubic  centimeter.  On  account  of  the  pres- 
sure of  municipal  affairs  treatment  was  not  made  until  July  29,  after 
which  Mr.  Quick  wrote  as  follows: 

1  have  completed  the  experiment  of  treaUng  the  water  in  Lake  Clifton  witb  copper 
sulphate  to  eliminate  the  algte,  and  I  am  glad  to  say  that  the  result  has  been  an 
unqualified  success. 

Before  the  lake  was  treatol  it  had  a  cloudy,  greenish  color.  Immediately  after 
treatment  it  had  a  steely,  bluish  color,  and  when  the  lake  waa  turned  into  service 
agtun,  one  hundred  and  twenty  hours  after  the  application  of  the  sulptiate,  it  had  a 
clear  whit«  color. 

Notwithstanding  the  small  amount  of  sulphate  used  in  proportion  to  the  volume 
of  water  treated,  all  of  the  particular  algte  which  caut^e  discoloration  and  odor,  which 
I  believe  are  the  cyanophyceie,  were  eliminated  iii  forty-eight  hout«,  and  practically 
all  of  the  various  (>ther  kinds  of  nlgn?  were  eliminated  in  one  hundred  and  twenty 

As  for  any  deleterious  effect  from  the  use  of  the  sulphate,  the  city  chemist  reported 
to  me  that  an  anaty^is  of  500  c.c.  of  the  water  one  hundred  and  twenty  hours  after 
treataient  showed  no  traces  of  copper.     (August  9,  1904.) 

Later  Lake  Montebello  was  treated,  and  reports  of  the  results  in 
both  reservoirs  were  sent  to  this  lalwratory,  together  with  a  tabu- 
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lated  couDf  of  the  organisms  before  and  after  treatment.  These 
sheets  showed  only  a  moderate  reduction  of  algK  and  a  total  num- 
ber of  organisms  per  cubic  centimeter  before  treatment  so  small  that 
it  could  never  have  been  responsible  for  the  complaints  of  the  con- 
sumers, nor  could  these  few  organisms  have  produced  the  changes 
in  color  noted  in  Mr.  Quick's  letter.  Ko  Auabaena  filaments  were 
listed,  though  it  is  known  that  they  were  present  in  great  abundance 
a  month  or  so  earlier  when  the  examination  was  made  by  the  Labora- 
tory of  Plant  Physiology,  and  there  is  nothing  in  the  conditions 
obtaining  in  the  reservoirs  before  treatment  that  would  explain  their 
absence.  It  seems  probable,  therefore,  that  the  samples  examined  by 
the  city  bacteriologist  had  been  agitated  sufficiently  to  break  up  the 
delicate  Anabaena.  or  that  on  account  of  standing  too  long  before 
examination  this  alga  had  disintegrated.  The  discrepancies  between 
the  tabular  reports  and  the  correspondence  with  this  laboratory  as  they 
appear  in  the  account  of  this  work  are  undoubtedly  due  to  this  fact. 
The  same  explanation  seems  the  most  plausible  one  to  apply  to  the  fol- 
following  letter  from  Mr.  Quick,  dated  September  10,  1904,  as  the 
number  and  character  of  organisms  mentioned  by  him  were  too  small 
to  produce  any  deleterious  effect. 

I  am  hftrdly  in  a  position  to  state  just  what  form  of  miCTOBCOpical  vsgetable  organ- 
ism givee  UH  the  most  trouble,  but  I  ha,ye  do  doubt  that  the  table  will  enable  yOQ  to 
form  some  idea  as  to  thie.  These  organismH  are  not  now  giving  ua  any  trouble,  but 
from  the  result  of  examinations  made  of  samples  of  water  taken  a  few  days  ago  from 
Clifton  and  Montebello  ( which  show  the  organismH  now  present  to  be  about  the  same 
number  or  more  than  before  treatment),  it  is  likely  that  we  shall  have  the  same  canse 
for  compltunt  t^iun  in  the  near  future. 

BOND   HILL,  CINCINNATI,  OHIO. 

.  The  following  letter  regarding  the  use  of  copper  in  a  pond  contain- 
ing fish  speaks  for  itself.     The  algie,  however,  disappeared. 

After  weighing  out  a  half  ounce  of  copper  sulphate,  the  quantity  looked  so  small  I 
added  a  little  to  it  and  dragged  it  through  the  water  on  a  pole.  Sunday  morning 
(July  24)  iawhen  1  treated  it.  Yesterday  the  water  looked  very  bad,  and  the  flsh 
that  have  disappeared  from  eight  all  the  summer  were  Bwimming  on  top  and  seemed 
in  distress.     (July  26,  19(M.} 

BUTTE,  MONT. 

The  following  extracts  from  letters  and  the  report  of  Mr.  Eugene 
Carroll,  superintendent  of  the  Butte  Water  Company,  give  details  of 
the  treatment  made  during  the  summer  of  1904. 

This  company  has  a  large  reservoir  containing  about  180,000,000  gallons,  that  was 
completed  in  1896.  Notwithstanding  the  fact  that  we  were  particularly  careful  in 
cleaning  the  bottom  and  removing  the  soil,  we  have  had  continual  trouble  every  year 
from  the  Anabaena. 

o  Published  in  the  Engineering  News,  52  :  283. 
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The  peet  begins  to  show  about  the  middle  of  June,  and  about  the  let  of  July  the 
water  ie  na&t  for  uee  on  account  of  the  odor  and  taste.  It  remaine  in  a  condition 
unfit  for  domestic  use  until  about  December,  when  the  freezing  weather  poriflee  the 
water  and  we  are  able  to  use  it  during  the  winter,     (June  3,  1904. ) 

It  has  been  our  custom  for  the  past  three  years  lo  cut  this  reservoir  ont  entirely 
from  our  water  supply  from  the  time  of  the  appearance  of  the  taste  and  smell  until 
the  water  puriSee  in  the  winter,  so  we  can  cut  it  out  for  any  length  of  time  neceesary 
(or  the  experiment. 

Our  reservoir  is  full  of  native  trout,  and  while  I  do  not  care  particularly  abont  the 
fish,  yet  a  Botutiott  strong  enough  to  kill  the  fish  might  give  us  more  trouble  with  the 
dead  fish  than  we  would  have  with  the  Auabaena. 

As  to  the  expense,  that  is  a  very  small  item  to  us,  as  we  have  spent  uearly  a  million 
dollars  in  bringing  in  another  water  supply,  lar^lv  on  account  of  the  spoiling  of  the 
water  in  our  main  re8er\-oir.     (June  14,  1904. ) 

(HepOTt  after  trfaltnfnt.)  The  Basin  Creek  Reservoir  has  two  forks,  one  extending 
about  three-fourths  of  a  mile  in  a  southerly  direction  and  the  other  about  one-half 
mile  in  a  southwesterly  direction.  Distrihution  of  the  copper  sulphate  was  started  at 
2  p.  m.  on  July  7,  using  three  boats.  One  boat  distributed  in  the  southern  fork, 
another  in  the  southwestern  fork,  and  the  third  boat  in  the  main  body  of  the  reser- 
voir in  front  of  the  dam.  The  <iuaDtity  used  was  1  pound  of  copper  sulphate  toeach 
million  gallons  of  water,  thus  requiring  180  pounds  of  sulphate.  One  boat  distrib- 
uted 40  pounds  in  one  hour  in  the  short  arm;  the  second  boat  distributed  60  pounds 
in  one  hour  and  ten  minutes  in  the  main  body  of  the  reservoir  around  the  dam,  and 
the  third  boat  distributed  80  pounds  in  the  long  arm  of  the  reservoir  in  one  hour  and 
fifty  minutee.  In  each  boat  two  men  were  used,  one  to  row  and  one  to  hold  the 
gunny  sack  containing  the  sulphate  over  the  stem  of  the  boat 

There  was  a  heavy  wind  blowing  downsftream,  which  made  it  extremely  difficult 
to  row,  but  the  boats  were  kept  in  continual  motion  from  the  time  the  copper 
sulphate  was  dropped  into  the  water  until  it  had  entirely  dissolved. 

During  the  first  ten  minutes  of  the  distribution  of  the  sulphate  nothing  peculiar 
could  be  noticed  in  the  water,  but  after  fifteen  minutes  fine  light-green  threads  began 
to  float  in  it,  growing  steadily  in  number  and  extension  until  in  about  thirty-five 
minutfs  after  starling  there  had  formed  a  yellowish -green  scum  over  the  entire  sur- 
face of  the  reservoir.  The  phenomenon  was  similar  to  the  formation  of  a  very 
flocculent  precipitate. 

In  about  two  hours  the  scum  assumed  a  dark-green  color,  the  iKirders  turning 
slightly  brown.  At  that  time  a  sample  of  the  water  was  taken  and  carefully  exam- 
ined and  small  traces  of  copper  were  shown  by  the  experiment.  Samples  of  the 
scum  were  also  examined  and  found  to  contain  11]  percentof  metallic  copper,  show- 
ing that  a  large  amount  of  the  copper  was  taken  up  by  the  Anabaena  and  other 
organisms,  and  thereby  removed  from  the  water. 

During  the  Grst  twenty-four  houra  the  water  in  the  reservoir  exhaled  a  more  pro- 
nounced and  disagreeable  grassy  odor  than  before  treatment.  Its  color  at  the  end 
of  the  first  twenty-four  hours  was  a  decidedly  dirty  green,  with  comparatively  very 
little  scum  floating  on  the  surface,  and  upon  testing  1,000  c.  c.  of  the  water  for  copper 
at  this  time,  a  very  faint  reaction  was  obtained.  The  sulphates  in  the  water  were 
slightly  higher  and  the  odor  was  consitlerably  less. 

At  the  end  of  the  second  and  third  days  very  slight  changes  were  noticed  in  the 
color  and  taste  of  the  top  water,  bat  it  was  greatly  improved  in  taste,  color,  and  smell 
below  20  feet  in  depth. 

At  the  end  of  the  fourth  day  a  continued  improvement  was  noticed  in  the  taste, 
color,  and  odor,  and  at  the  end  of  the  fifth  day  there  was  a  very  decided  change  tor 
the  better  in  color^ — the  water  assuming  a  natural  color  and  only  a  slight  odor  and 
taste  heii^  noticeable  on  the  surface.  At  20  feet  below  the  surface  at  the  end  of  the 
fifth  day,  the  water  was  tast«less  and  odorlera,  anil  of  a  bright  natural  color.    Very 


REPORTS  UPON  THE  EFFECT  OP  TREATMENT.        17 

slischt  changes  for  the  better  were  noticed  on  the  seventh,  eighth,  and  ninth  days, 
anil  on  the  tentii  day  the  water  apparently  had  assumed  its  normal  comlition. 

Microscopical  examinationii  of  the  wat«r,  however,  dnring  this  period,  aa  shown  in 
the  appended  tables,  revealed  the  fact  that  there  were  a  few  spores  of  the  Anabaeoa 
left  in  the  water  and  that  the  Asterionella  had  begun  to  increase  t^^in. 

OwiiiK  to  these  conditions,  it  was  deemed  advisable  to  give  the  reservoir  a  second 
treatment  with  the  copper  sulphate,  and  on  the  morning  of  July  19,  twelve  days  after 
the  (irst  treatment,  a  )>econd  treatment  was  ({iven  in  exactly  the  same  manner  and 
with  the  same  quantity  as  the  first  treatment. 

After  the  second  treatment,  very  little  change  was  noticed  in  the  water  on  the 
surface  of  the  reservoir,  and  hardly  any  scum  formed.  Twenty-four  hours  after  the 
second  treatment,  the  water  showed  a  very  decided  improvement  in  color,  with 
absolutely  no  taste  or  odor.  On  the  third  day  after  the  second  treatment,  as  shown 
by  the  analj-ses  in  the  tables,  the  water  was  in  an  absolutely  normal  condition  and 
entirely  free  of  the  vegetable  organisms  which  had  given  us  so  much  trouble  in  the 

During  the  process  of  these  treatmentii,  the  reservoir  was  entirely  cut  out  from 
the  city  supply  and  no  flow  through  it  was  permitted,  the  overflow  being  closed 
and  the  water  allowed  to  rise  slowly.  With  the  exception  of  occasionally  opening 
the  overSow  to  remove  the  scum  which  had  blown  down  against  the  dam  and  an 
occasional  opening  of  the  blow-off  pipe,  there  was  no  current  running  throngh  the 
reservoir  during  the  period. 

On  Sunday,  July  24,  the  water  in  the  reser^'oir  being  absolutely  pure  for  the  first 
time  in  ten  years  during  the  month  of  Jnly,  it  was  turned  on  to  the  city  mains. 

The  cost  of  the  treatment  of  the  reservoir,  exclusive  of  the  superintendent  and 
bacteriologist,  who  directed  the  operations,  was  as  follows: 

360  iwunds  copper  sulphate,  at  BJ  cents  per  [lound $34.20 

6  laborers,  four  hours  each,  at  30  cents  per  hour 7. 30 

Total  cost 41 .  50 

Equivalent  to  23  cents  per  millioti  gallons. 

This  expense  would  Ite  cut  down  were  another  treatment  made,  as  only  one  man 
to  a  boat  is  really  r 


Late  in  the  summer  Asterionella  again  began  to  appear  in  contiider- 
al)le  numbers.  The  increa.se,  however,  has  not  been  sufficient  to 
demand  further  treatment  this  year. 

I  will  continue  to  keep  a  close  record  of  the  (■on<iition  of  the  water  in  this  reser- 
voir, anil  think  very  likely  it  will  be  advisable  to  gi\'e  it  a  treatment  early  next 


There  is  no  taste  or  odor  whatever  to  the  water,  and  we  liave  had  no  trouble  with 
that  supply  since  the  treatment.     (December  1,  1904.) 

CAMBRIDOF.,    N.   Y, 

It  was  impassible  to  obtain  h  sample  of  the  organisms  causing  the 
trouble  at  Cambridge,  N,  Y.,  but  from  the  dest^ription  it  seems  most 
probable  tbat  it  waa  Anabaena.  The  following  letter  from  Mr.  C.  T. 
Hawley,  secrotarj-  and  treasurer  of  the  Cambridge  Water  Company, 
sufficiently  explains  the  situation : 

The  village  of  Cambridge  is  supplied  with  water  from  two  reservoirs,  which  were 

built  in  1886.     One,  the  "Ixiwer"  reservoir,  is  suppUed  from  springs,  and  the  other, 
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or  "Upper"  reservoir,  ie  supplied  from  a  small  stream  and  by  water  pumped  from 
the  "Lower"  reservoir.  In  the  "Lower"  reeervoir  there  haa  always  been  a  con- 
siderable growth  of  algie,  but  ther«  haa  never  been  any  taate  or  odor  Imparted  to 
the  water  until  last  fall.  Prior  to  tliat  the  algic  has  appeared  to  "ripen,"  float  to 
the  Burface,  and  blow  ashore,  where  it  would  be  raked  up  and  removed.  Last  year 
it  i>ank  to  the  bottom,  and  soon  after  the  "  Jishy  "  odor  became  very  offensive.  The 
reservoir  was  then  emptied,  cleaned  thoroughly,  anil  refilled.  In  a  short  time, 
however,  the  taste  and  odor  again  became  noticeable,  and  there  was  more  or  less 
trouble  until  June  9  last,  when,  having  procured  one  of  the  bulletins  issue<l  by  the 
Department  of  Agriculture,  we  used  the  copper  sulphate.  The  effect  was  evident  in 
twenty  minutes  to  a  half  an  hour  in  a  decided  change  in  color  and  appearance  of  the 
algfe  KTowth.  In  twenty-four  hours  the  tafte  and  odor  had  disappeared  and  the 
algti>  looked  dead,  having  lost  its  green  color.  In  a  few  days  the  algffi  had  entirely 
disappeareil,  and  there  has  been  no  trouble  since,  though  there  is  a  slight  growth 
.  just  beginning  to  show  in  detached  patches  within  a  few  days.  The  reservoir  con- 
tains about  1,250,000  gallons  and  we  used  10  pounds  of  sulphate  of  copper.  This 
did  not  affect  the  native  trout  which  are  in  the  reservoir.  No  water  was  pumped 
from  the  reservoir  for  several  days  after  the  sulphate  waa  used,  but  the  outlet  gate 
was  closed  and  the  flow  from  the  springs  raised  the  level  of  the  water  in  the  res- 
ervoir and  reduced  the  strength  of  the  dose;  nevertheless  when  the  water  in  the 
reservoir  was  emptied  into  the  channel  which  conveys  the  overflow  to  the  Batten- 
kill,  it  cleaned  out  a  heavy  growth  of  algie  from  that  channel  for  its  full  length, 
about  half  a  mile.  If  the  present  growth  continues,  we  shall  try  the  sulphate  again 
thia  fall,  using,  however,  a  lees  quantity  of  it,  as  it  is  evident  from  the  cleaning  of 
the  channel  that  a  lighter  done  does  the  work. 

As  there  was  a  slight  growth  in  the  "  Upper"  reservoir,  we  gave  that  a  dose  about 
the  last  of  June,  using  20  pounds  of  sulphate  of  copper  for  4,000,000  of  gallons  of 
water.  The  same  effects  were  noticed  as  in  the  "lower"  reservoir,  and  there  haa 
been  no  growth  of  algie  sim^. 

The  use  of  the  copper  sulphate  has  certainly  been  moat  successful  in  our  case- 
Not  only  has  the  water  company  been  saved  the  considerable  cost  of  repeated 
cleaning  of  the  reservoira,  but  the  residents  of  our  village  have  been  saved  tlie 
annoyance  of  having  at  times  to  use  a  most  unsatisfactory  water  supply.  (Sepi- 
tember  22,  IWMJ 

ELMIRA,  N.  Y. 

The  following  ia  an  extnu^t  from  an  article"  entitled  "  The  Copper 
Sulphate  Treatment  for  Algie  at  Elmira,  N.  Y.,"  by  James  M.  Caird, 
consulting  engineer: 

The  reservoir  was  constructed  during  the  year  1870,  by  building  a  dam  across  a 
natural  site.  At  the  time  of  construction  the  timber  and  surface  soil  were  removed 
from  the  parts  to  be  flooded.  The  reservoir  has  a  drainage  area  of  about  4}  square 
miles,  covers  38  acres,  and  has  a  capacity,  when  full,  of  113,000,000  gallons.  The 
supply  is  derived  from  springs  and  a  small  stream  called  Hoffman  Creek. 

At  various  times  the  water  in  this  reservoir  has  been  a  source  of  trouble  owing  to 
its  strong  "tishy  "  o<lor  and  tasle,  due  to  a  growth  of  Anabaena  and  Aelerionella. 
At  times,  before  the  construction  of  the  Slter  plant,  it  was  necessary  on  account  of 
the  odor  and  taste  to  drain  and  clean  the  reservoir,  the  laet  cleaning  being  done 
during  the  summer  of  IHSO.  The  growth  has  been  so  abundant  that  even  in  the 
winter,  when  it  was  necessary  at  times  to  use  this  supply,  lime  had  to  be  added 
before  filtration  in  order  to  remove  the  "  fishy  "  taste. 
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The  temperature  oC  the  water  at  the  time  of  treatment  was  ft4°  R  In  all  1,000 
poanfis  of  copper  Bulphate  were  use<l  in  treating  the  90,000,000  gallons.  This  was 
equal  to  1}  parta  of  copper  sulphate  per  1,000,000  parts  of  water,  or  Ij  poun<)s  for 
every  I20,f>t)i  gallonH  of  water. 

The  reservoir  waa  treated  June  25,  and  none  of  the  water  was  used  until  June  27, 
thirty-tix  hours  after  Ireatuipnt.  A  sample  of  one  liter,  taken  on  June  ST  and 
evaporated  to  100  c.  c,  failetl  to  give  tlie  copper  reaction  when  tested  with  potai«ium 
terro-cyanide. 

The  Anabaena  disappeared  thirty-six  hours  after  treatnient,  while  the  Asterionella 
disappeared  eighty-four  hours  after  treatment.  In  looking  over  the  preceding  table 
it  ifl  seen  that  there  was  a  reduction  in  barteria  of  flf(.7  per  cent  in  thirty-six  hours; 
91.8  per  cent  in  eighty-four  bourn,  and  94.3  percent  in  one  hundred  and  eight  hours. 

Before  treatment  five  samples  of  1  c  c.  each  were  examined  tor  B.  coti  cominuitit. 
Two  gave  positive  results.    Thirty-six  hours  after  treatment  this  bacillus  could  not  be 

In  operating  the  Alters  it  waa  found  that  after  the  treatment  the  period  between 
washings  had  been  increased  three  hours,  and  the  wash  water  was  reduced  from  2.3 
to  1.9  per  cent. 

The  effect  of  the  copper-sulphate  treatment  on  the  different  animal  life  wae  as 
follows:  Numerous  "pollywotp>"  killed,  but  no  frogs;  numerous  small  (less  than  2 
inches  long)  black  bass  and  two  large  onee  (S  Inchea  long)  killed;  about  ten  large 
"  bullheads"  were  killed,  but  no  small  ones;  numerous  small  (leas  than  2  inches 
long)  "snafish"  were  killed,  but  no  large  ones. 

The  wind  brought  the  dead  fitth  to  the  corners  of  the  reservoir,  and  it  was  very 
little  trotible  to  remove  them.  No  dead  Hah  were  seen  twenty-four  boura  after  com- 
pletion of  the  treatment. 

FIELDHOME,  N.  T, 

The  following  extracts  from  letters  of  Mr.  0.  DeP.  Field,  owner  of 
the  estate,  sunimarize  the  re»ult.s  obtained  at  Fieldhome,  N.  Y. 

The  reservoir  is  tilled  by  a  spring  that  was  for  years  our  sole  supply  for  water,  and 
which  was  satisfactory.  The  reservoir  is  of  concrete,  al>out  4}  feet  deep,  surroundeil 
by  trees  which  do  not  exclude  the  sunlight,  it  has  no  top,  and  may  derive  same  of 
its  supply  from  the  rain.  The  cattle  have  drunk  the  water  from  the  overflow  without 
apparent  ill  effects,  but  the  coloration  of  the  water  is  unfortunate,  and  apparently 
there  are  alga;  in  it.     {July  8,  1904. ) 

A,fter  Ireatment. — Day  by  day  we  could  see  the  end  of  a  stick  inserted  in  the 
reservoir,  a  little  deeper.     (July  23,  1904.) 

The  reservoir  has  cleared  sufficiently  tor  the  bottom  to  be  seenin  places  and  the 
stones  on  the  plank  put  in  to  walk  down  tor  bathingare  all  visible.     (July  2K,  1904.) 

GLENCOTE,    long   laLASD,  N.  Y. 

A  pond  in  the  vicinity  of  Glencove,  Long  Island,  was  overgix>wn 
with  smalt  organisms,  chiefly  Voh'ox  <jl(.>h<iior  and  Phaciuf  mlcracyxtii. 
These  are  resistant  organisms,  especially  the  Phacus,  but  as  is  shown 
in  the  following  extract  from  a  letter  from  Mr.  R.  A,  Sliaw,  the  owner 
of  the  pond,  the  treatment  seemed  promising,  though  it  was  impos- 
sible to  get  deKnite  results. 

I  duly  carried  out  your  instrucUons  and  added  the  further  quantity  of  sulphate  ot 
copper  to  my  pond.     I  think  there  has  been  some  improvement,  but  am  unable  to 
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tell  how  much,  because  the  water,  as  a  general  rule,  begins  to  clearas  the  temperature 
becomeB  cooler.  Under  such  conditiona  it  will  probably  be  necessarylo  treat  several 
times  during  the  warm  eeaeon.     (September  2S,  1904.) 

GREENWICH,  CONN. 

During  the  latter  part  of  July  Prof.  F.  S.  Hollis,  of  the  Yale  Medical 
School,  actiiifj  under  advice  from  the  Laboratory  of  Plant  Physiology 
of  the  Department  of  Agriculture,  treated  the  two  reservoirs  supply- 
ing Greenwich,  Conn, 

The  following  is  an  extract  from  a  letter  received  from  Professor 
Hollis,  dated  August  11,  liKM: 

Algee,  especially  Anabaena,  which  were  abundant  in  Putnam  reeervoir,  were  com- 
pletely removed,  and  a  laiye  growth  of  filaments  encased  in  jelly  and  attached  to 
waterworks,  which  wax  probably  a  developing  stage  of  some  form,  almost  completely 
disappeared  within  a  week  after  treatment.  At  the  upper  end  of  the  reservoir  there 
has  appeared  since  the  treatment  a  considerable  growth  of  infusoria.  Bacteria 
increased  from  ten  to  twenty  times  after  treatment.  In  Rockwood  reservoir  at  the 
dam  the  total  organisms,  3S4,  with  Chlamydomonas  93,  decreased  in  four  days 
after  treatment  to  0t  with  Chlamydomonas  6.  On  August  9  organisms  had  increased 
to  194  with  Chlamydomonas  53  and  the  complaint  as  to  water  is  continued  as  all 
evidence  of  the  sharp  odor  of  Chlamydomonas  is  not  removed  by  their  method  of 
mecbanical  filtration.        Temperature  of  Rockwood,  23.6°  C;  of  Putnam  25°  C. 

On  account  of  the  slight  increase  of  the  pollution  mentioned  in  the 
last  sentence  of  Professor  HoUis's  letter,  a  second  treatment  was 
adviijod,  the  solution  used  to  be  of  the  same  strength  as  the  former 
one.  Presumably  this  was  satisfactorily  effective,  as  there  has  been 
no  further  complaint. 

HANOVER,  K.  H. 

In  the  case  of  the  water  supply  at  Hanover,  N,  H.,  it  wa-s  impossible 
to  obtain  samples  of  the  organism  before  treatment  was  made,  and  it 
seems  that  any  one  of  several  species  might  have  been  responsible  for 
the  pollution,  though  for  geographical  reasons  it  seems  probable  that 
the  form  in  question  is  Uroglena.  The  following  extract  from  the 
Eighteenth  Report  of  the  board  of  health  of  the  State  of  New  Hamp- 
shire, volume  18  (1903-4),  j«igcs  159-ltil,  shows  the  results  obtained: 

On  account  of  the  gradual  sloping  of  the  banks  of  the  reservoir  and  the  presence  of 
many  fish,  a  1  fo  4,000,000  solution  was  used.  *  •  *  It  was  estimated  that  there 
were  about  100,000,000  gallons  of  water  in  the  reservoir  at  the  time.  The  copper 
sulphate  was  weiglied  out  into  25-pound  lots.  One  lot  was  placed  in  a  gunny  sack, 
which  was  held  o|ien  by  an  iron  spreader,  the  sack  fastened  at  the  top,  and  then 
attached  to  the  stern  of  a  rowboat.  The  boat  was  rowed  bai'k  and  forth  across  the 
reservoir,  commencing  where  the  water  was  dee|)e8t  and  emling  along  the  edges 
where  the  water  was  shallow.  This  process  was  repeated  along  lines  25  to  30  feet 
apart  until  the  whole  area  bad  teen  covered.  Thecopperdissolved  very  quickly,  the 
water  tieing  warm,  which  necessitateil  rowing  rapidly  while  the  sack  was  full  and 
slowi[ig  tip  as  the  copi>er  in  the  sack  ilimiuishetl. 

Another  smalt  Ixxly  of  water  was  treateil  in  the  same  way,  except  in  this  caae  a  I 
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to  1,000,000  solution  was  used.  No  bact«riological  examination  haii  been  made 
previous  to  the  application  to  this  smaller  body  of  water.  The  application  wae  made 
to  this  water  as  an  experimeat  in  reference  to  the  eSect  upon  the  fish. 

This  body  of  water  was  quite  shallow  at  the  edges  and  about  8  feet  deep  in  the 
center.  The  application  was  made  in  both  caMS  on  the  same  day  between  10  a.  n>. 
and  3  p.  m.  The  day  was  very  warm,  no  wind,  and  a  heavy  thunder  shower  took 
place  just  aa  the  work  wafl  tinished.     (July  19,  1904.) 

The  edges  of  the  reservoir  were  inspected  nest  moming,  and  no  dead  fish  were 
found,  no  odor  was  noticed,  and  many  very  small  fish  were  seen  swimming  about. 

On  the  edges  of  the  smaller  body  of  water  86  small  dead  fish  were  picked  up,  the 
largest  of  these  measuring  1^  inchee  in  length.  The  appearance  of  theee  dead  lish 
waa  very  striking.  Their  abdomens  were  very  much  distended  and  many  of  them 
had  buried  their  heads  in  the  mad,  and  in  all  cases  their  eyes  looked  "popped  out" 
from  their  sockets.  No  fish  were  seen  which  seemed  to  be  injured.  Quantities  of 
fish  alMut  2  inches  long,  and  from  that  size  up  to  1  foot  long,  were  seen  swimming 
about  in  the  water  apparently  in  a  perfect  state  of  health.  Both  bodies  of  water 
were  inspected  each  morning  for  four  days;  no  more  dead  fish  were  found,  and 
nothing  remarkable  was  seen.  There  was  no  perceptible  change  in  the  appearance 
of  the  water.  Samples  were  taken  from  the  reser\'oir  and  from  tape  in  town  and 
examined  for  roicroKtrganisms,  with  the  following  results: 
.  June,  1904,  1,800  micro-organiams,  other  than  algie,  per  cubic  centimeter. 

July  16,  1904,  2,600  micn>oi^nisms,  other  than  algw,  per  cubic  centimeter. 

The  above  was  tap  water.     Algie  not  included  in  this  table: 
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I«st  examination  for  algfe  was  in  August,  when  only  a  few  grew  on  media. 

The  first  day  after  the  application  the  taste  and  odor  had  perceptibly  diminished, 
and  on  the  second  day  had  disappeared  altogether.  The  color  also  practically  dis- 
appeared, and  only  a  slight  color  reaction  could  be  detected  by  delicate  color  tests. 
Chemical  examination  showed  no  trace  of  copper  in  the  reservoir  water,  A  sample 
was  not  examined  from  the  small  pond.  No  one  in  town  except  those  immediately 
concerned  in  the  work  knew  that  anything  was  being  done,  but  in  two  days  after  the 
treatment  two  different  persons  remarked  upon  the  improvement  and  within  a  week 
no  leas  than  II  individuals  spoke  of  it.  It  is  not  generally  known  at  this  time  that 
anything  has  been  done  io  the  water.  Up  to  date  there  has  been  no  bad  taste,  no 
color,  and  no  odor  when  cold.  At  times  I  think  I  can  delect  a  very  sl^ht  odor  on 
close  observation  when  the  water  is  warm. 

CondiiKion, — That  the  odor  and  taste  were  due  to  microscopic  organisms.  The  color 
to  a  great  extent  was  also  due  to  micro-oi^niams.  That  the  application  of  copper 
sulphate  in  the  strength  of  1  part  to  4,000,000  of  water  is  sufficient  to  destroy  these 
organisms  without  injury  to  fish.  That  1  part  o(  copper  sulphate  to  1,000,000  parts 
of  water  as  found  in  the  ordinary  rewrvoirs  and  ponds  will,  in  addition  to  destroying 
micro-organisms,  deftroy  the  small  fish. 

The  probabilities  are.  that  if  the  water  was  of  an  equal  depth  in  all  parts  of  our 
~  'B  and  ponds  1  part  of  copper  sulphate  to  1,000,000  parts  of  water  would  not 
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kill  the  &h,  but  as  the  edges  are  shallon-  and  the  bottom  iire^^lar,  it  is  impoeeible 
to  get  an  equal  distribution  of  the  solution  until  after  the  HmtUler  fieb  succumb- 
There  can  be  no  fixed  general  rule;  each  caue  must  )>e  treated  as  conditions  require. 

HANOVER,  PA. 

The  tbree  reservoirs  of  this  system  were  badly  infested  with  Ana- 
baena.  Treatment  was  made  the  tatter  paii  of  Auf^st  on  the  iirst 
reservoir  and  several  days  later  upon  the  other  two.  The  surface  of 
the  water  cleared  within  a  short  time,  but  the  lower  layers  containing 
the  decaying  algse  were  improving  but  slowly. 

The  following  extract  from  a  letter  fi-om  Mr.  Charles  R.  Delaney, 
chemist  of  the  Consumers"  Water  Company,  shows  the  final  results: 

The  results  of  the  last  test  show  such  great  improvement  that  Mr.  Brough  has 
been  advised  to  let  the  bottom  water  run  08  until  the  odor  shows  only  faintly  and 
then  to  turn  the  water  into  the  mains.     (September,  1904. ) 

IVORYDALK,  OHIO. 

The  small  reservoir  of  the  Proctor  &  Gamble  Company  at  Ivorydale, 
Ohio,  was  badly  infested  with  algte.  The  following  is  extracted  from 
a  k'tter  dated  September  22,  1904,  from  that  firm: 

We  are  jjlad  to  be  able  to  report  the  complete  Buccese  of  the  treatment  of  our  reser- 
voir with  copper  sulphate. 

We  treated  the  water  as  you  directed,  using  approiimately  one  part  copper  sul- 
phate to  a  million  of  water.  At  this  time  there  were  several  large  floating  masses  o( 
algie,  and  the  water  had  a  peculiar  odor  and  taste.  We  treated  the  water  Saturday 
afternoon,  Augiist  13,  and  allowed  it  to  remain  practically  quiescent  for  several  days. 
Monday  morning  we  found  the  masses  had  turned  brown  in  color  and  frothy,  but 
still  floating  in  the  large  masses.  These  masses,  however,  subsequently  disappeared. 
and  since  then  there  has  been  no  sign  of  the  growth  except  in  an  old  skiff  to  which 
the  treated  water  did  not  penetrate.    Here  the  mass  is  still  green. 

JOHNSON  CREEK,  WIS. 

The  Geo.  C.  Mansfield  Company  reports  as  follows  with  reference 
to  the  use  of  copper  in  two  ponds  at  Johnson  Creek,  Wis. ; 

We  used  three  applications  of  the  solution  recommended,  and  used  same  in  each 
of  our  two  ponds.  The  applications  were  made  three  days  apart  and  as  per  your 
instructions.  We  hB<l  intended  to  make  one  more  application,  but  cold  weather 
came  on  and  the  ponds  froze  over;  however,  from  close  observation  of  the  results 
from  the  three  applications,  we  think  it  very  lieneficial.  The  green  moss  had  about 
all  disappeared  or  turned  scorched  or  brown  color,  and  evidently  was  destroyed. 
We  Ijelieve  late  in  the  fall  to  be  a  splendid  time  to  make  these  applications,  as  most 
of  the  fish  are  in  deep  water  and  do  not  come  in  contact  with  the  solution.  We  did 
not  discover  that  a  single  fish  was  destroyed.     (December  5,  1904.) 

MIDDLETOWN,  N.  Y. 

The  following  article,  entitled  '"The  Copper  Sulphate  Treatment 
for  AlgK  at  Middletown,  N.  Y.,"  by  James  M.  Caird,  appeared  in  the 
Engineering  News  for  January  12,  I'JtJS,  pages  3.3-:W. 
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The  city  of  Middletown,  N.  Y.,  obtains  its  water  anpply  from  three  impounding 
reeervoire  (Monhagen,  Highland,  and  Shawangunk]  which  are  located  some  distance 
from  the  city.  The  water  is  liltere<l  before  being  delivered  to  the  consumers.  The 
filter  plant  has  a  capai-ity  nf  4,000,000  gallons  per  day,  consists  of  4  gravity  and  4 
pressure  filters,  each  set  of  3,000,000  gallons  I'apacity  per  day. 

The  water  from  Slonhagen  reservoir  is  used  in  the  lower  parts  of  the  city  and  is 
passed  through  the  gravity  filters,  while  the  elevated  section  uses  the  water  from 
Highland  reeervoir  after  passing  through  the  pressure  filters.  The  water  from 
Sbawangnok  reservoir  discharges  into  Monhagen  reservoir. 

In  recent  years  dnring  warm  weather  considerable  trouble  has  been  experienced 
by  algte  growths,  not  only  by  the  odor  which  they  produced  but  also  by  the  rapid 
"clogging"  of  the  filters.  At  times  the  filters  would  require  washing  at  intervals  of 
four  to  five  hours. 

From  a  sanitary  standpoint  the  quality  of  these  waters  is  good,  Che  drainage  area 
being  owned  or  controlled  by  the  water  department. 

Monltogen  Ttiieniiir. — The  Monh^en  reservoir,  which  was  constroctcil  in  1867,  was 
the  first  to  be  treated  with  the  copper  sulphate,  the  reason  being  that  the  greater 
part  of  the  city's  supply  is  obtained  from  this  source.  This  reservoir  has  a  drainage 
area  of  300  acres,  surface  area  of  68  acres,  and  a  capadty  of  296,000,000  gallons. 
When  treated,  this  reservoir  contained  250,000,000  gallons.  The  copper  sulphate  was 
appliei^  at  the  rate  of  1  part  to  3,333,000  parts  of  water. 

Portions  of  this  reservoir  were  covered  with  a  heavy  growth  of  Potamegeton  (pond 
weed) .  Three  days  after  the  treatment  this  weed  b^an  to  come  to  the  surface,  and 
was  raked  oft.  1'iion  investigation  it  appeared  to  have  rotted  at  the  root.  The  con- 
ditions in  this  reservoir  permitted  a  very  uniform  application  of  the  copper  sulphate. 
No  flah  were  kiile<l,  although  they  were  present  in  large  numbera. 

The  examination  of  this  water,  before  and  after  the  treatment,  revealed  the  follow- 
ing organisms: 


Diatomkeeac:  i 

Syaedia ' 

NltiKhta I 

Chlorophvceae:  , 

UlWhrix I 

CloWerlum 

Cyanophireeae: 

OKlllaria ; 


Leptolhrix 

Crenothrii 

[incellaneotu: 
Plearvoneina  .. 
Nothole* 

Total  perc.c. 


-i 


The  odor  from  this  water  before  treatmentwas  noticeable  at  a  corisiderable  distance 
from  the  reservoir. 

fikau-an<pink  mm-oir.— this  reservoir  was  conatructeil  in  1902  and  has  a  drainage 
area  of  422}  acres,  a  surface  area  of  101  acres,  and  a  ciipacity  of  434,000,000  gallons. 
There  is  a  large  quantity  of  decaying  wood  in  this  reservoir,  as  the  stumps  were  not 
removed  before  the  land  was  fiooded.     No  growth  of  Potamegeton  was  shown. 

It  was  very  difficult  to  treat  this  reservoir  in  places,  owing  to  the  stumps.  In 
going  around  the  stumps  the  copper  sulphate  was  applied  a  little  stronger  than  in 
other  parts  of  the  resenoir.    The  consequence  was  the  death  of  a  few  fish. 
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The  organigme  found  in  the  water  before  and  after  treatment  were  as  (ollowe: 


Dlmomaccae— K  luschla 

CfaloTDphycese: 

Protococcm 

CynanophTcene: 

OMniBrit 

Anabasiu 

Schtiomycete*— Lepioihri  i 

ToUIperc.p 

Bacteria  per  c.  c 


Highland  rc^erivlr. — Thia  rewn'oir  waH  completed  in  1891,  has  a  draiaage  area  of 
341  acres,  a  surface  area  of  110  acres,  and  a  capacity  of  660,000,000  gallons.  When 
treated,  the  reservoir  L-ontained  495,000,000  gallons.  The  copper  sulphate  was  applied 
at  an  average  rate  of  1  part  to  2,292,000  parts  of  wal«r. 

There  are  a  large  number  of  "covee"  around  this  reservoir,  which  necemitateil  a 
stronger  treatment,  resnlting  in  the  killing  of  a  few  flab.  I  should  estimate  tho 
strength  of  the  copper  sulphate  in  these  localities  at  about  1  part  to  1,250,000  of 
water. 

As  in  Monhagen,  this  reservoir  contained  a  growth  of  Potamegeton,-  which  broke 
off  after  treatinetit  and  came  to  the  surface,  where  it  was  raked  off. 

The  organisms  found  before  and  after  treatment  follow: 


I" 


DIalomaceae— NlusscblB T  <              I 

ChloropbycHe— Prolococuuii M  8 

Cyanopbyceae— Osclllarla '. G    

Bchlioniyceres— Leptolhrtx 5  1 

Botller: 

Mkrocodon 10  

Nolbolea l   

Total  perc.  c '  7S  6 

Bacteria  per cc 400  MO 

The  temperature  of  these  waters  at  the  time  of  treatment  was  about  68°  F.  The 
greatest  trouble  with  the  waters  commenced  about  the  middle  of  August  The  cop- 
per sulphate  was  applied  the  firat  part  of  September,  since  which  time  ttie  waters 
have  given  no  trouble. 

The  deetniction  of  the  algre  in  waters  which  are  to  be  filtered  by  the  mechanical 
process  results  io  a  great  saving  in  the  costof  operation.  That  is,  after  treatment  lees 
coagulant  is  required  to  free  the  water  from  the  suspended  matter,  the  period  between 
the  washings  of  the  beds  is  longer  and  there  is  a  reduction  in  the  percentage  of  wash 
water. 

The  freeing  of  the  reservoirs  of  the  growth  of  Potamegeton  was  also  very  desira- 
ble beecause  after  ils  death,  which  occurs  during  cold  weather,  it  decomposes  and 
imparts  a  very  distinct  yellowish -brown  color  to  the  water. 

The  beneficial  results  were  noticeable  twenty-fourbours  after  the  application  of  the 
copper  sulpliate  to  these  waters.  •  •  •  The  total  amount  of  water  treate<l  was 
1,095,000,000  gallons.    The  coat  of  this  treatment  was  as  follows: 

Copper  sulphate,  freight  and  cartage $186. 06 

Cartage  of  l>oate 5.00 

Labor,  eighty-three  hours,  at  15  cents  per  hour 12, 45 

Total 203.51 

Exclusive  ol  examinations  and  supervision,  this  was  at  the  rate  of  18}  cents  per 
1,000,000  gallons  of  water  treated. 
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MI1J.ERSBURO,  PA, 

Treatment  in  the  case  of  the  reseiToir  at  Millersburg,  Pa.,  was 
undertaken  bj-  the  Millersburg  Home  Water  Companj-  and  this  Icbora- 
tory  has  no  record  of  the  org^anisin  causing  the  trouble.  The  follow- 
ing extracts  from  reports  of  T.  F.  Bradenbaugh,  president  of  the  water 
company,  show  the  condition  of  the  reservoir: 

July  SI,  1904- — 9  8-  n>.,  copper  sulphate  placed  in  the  resen'oir,  2  poHiids  per  mil- 
lion; 7  p.  m.p  slight  change  in  the  color  of  the  water. 

Aiigud  !.'—'  a.  m.,  color  changeil  eoiiiiiilerahly;  7  p.  m.,  water  clearing. 

AxtgvM  ■'. — 7  a.  ni.,  color  cliangeil  to  lilue-gret'n  and  much  clearer;  7  |).  m.,  water 
tlfartT,  Iwltom  of  reservoir  dimly  feeu. 

Aiiffutt  4- — 6  P-  m.,  objects  on  bottom  of  the  reservoir  plainlj-  seen.  Small  white 
panicles  eeem  to  be  suspended  in  the  water;  these  are  rapidly  settling,  leuving  the 
water  clear  as  crystal. 

Nofcmber  !i. — After  having  sent  you  sample  of  water,  and  before  receiving  your 
letter  tiateil  August  16,  the  water  in  our  rei^ervoir  Iwcame  so  bad  both  in  color  and 
odor  that  we  gave  it  a  second  treatment,  using  the  same  quantity  and  method  as  iu 
treatment  No.  1. 

The  water  again  cleared  and  odor  disappeared,  but  not  to  so  marked  a  degree  as 
aft«r  the  first  treatment.  (Several  fish  died  during  this  treatment.)  The  efleet  of 
treatment  No.  2  lasted  about  three  weeks,  when  the  conditions  again  became  so  bad 
that  we  treated  it  a  third  time,  with  about  the  same  results  as  No,  2. 

After  this  treatment  we  changed  our  pumping  system,  so  that  instead  of  pumping 
into  the  reservoir  we  pumped  direct  into  the  pipe  lines,  allowing  the  surplus  to  bock 
up  into  the  reservoir.  From  that  time  we  have  bad  no  trouble,  but  the  water  in 
the  reservoir  still  retained  its  greenish  color  until  cold  weather  came;  now  it  is 
changing  and  is  nearly  as  clear  as  crystal  again. 

It  seems  that  deep-well  water,  if  allowed  to  lie  in  a  shallow  basin  or  reservoir 
under  a  hot  sun,  will  develop  these  troubles  with  great  rapidity. 

Sy  treeing  down  the  source  of  contamination  and  thoroughly  sterilizing  that,  as 
well  as  treating  the  reservoir,  there  seems  every  probability  that  this  polluting  form 
could  be  eradicated. 

MONCTON,  NEW  BRUNSWICK. 

The  report  upon  the  conditions  and  effect  of  treatment  at  Monoton 
is  of  especial  interest  on  account  of  beinp  the  only  one  dealing  with 
an  icebound  reservoir.  The  following  extracts  from  letters  from  Mr, 
J.  Edington,  citj-  engineer,  and  from  the  Daily  Times,  of  Moncton, 
show  the  method  of  treating  and  the  results  obtained: 

Our  trouble  is  almost  entirely  confined  to  the  winter  months,  when  the  reservoir 
ia  frozen  over.  It  varies  more  or  less  acconling  to  the  length  and  severity  of  the 
winters,  but  the  past  two  have  been  particularly  bad. 

In  1903  and  1904  the  reservoir  was  frozen  over  on  the  20th  of  Soveml>er,  and  on 
the  17th  ot  January  the  odor  and  taste  commenced.  This  continued  until  the  7fh  of 
March,  when  the  spring  rains  and  freshets  brought  relief. 

The  conditions  this  winter  are  very  much  the  same.  Oi)eninfts  have  l)een  kept  in 
the  ice,  but  with  zero  weather  they  are  not  much  good,  as  the  ice  forma  a?  soon  as 
holes  are  made. 

The  reservoir  has  a  capacity  ot  200,000,000  gallons  and  is  30  feet  deep  al  the  gate 
house,  and  it  is  noticeable  that  the  top  layer  of  S  feet  is  comparatively  free  from  tasic 
and  odor,  while  at  10  or  15  feet  the  trouble  is  bad. 
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If  the  copper  sulphate  treatment  has  to  be  done  in  the  winter,  could  it  be  effect- 
ively applied  when  the  ice  is  from  2  to  3  feet  thick?     (February  13,  1905.) 

The  daily  coneumption  of  water  is  1,250,000  gallons  in  twenty-four  hoore.  How 
would  it  do  to  place,  eay,  one-fourth  of  a  pound  in  gate  house  every  ax  hours,  or  a 
lener  quantity  oftener,  so  that  the  proportion  would  be  I  pound  per  niitlion  gallons? 
Of  course  there  is  no  current  in  gate  bouse,  ae  the  water  remtuns  at  same  head  as  in 
reeervoir.     (February  24,  1906. ) 

The  experiment  waa  commenced  at  noon  on  the  8th  instant  by  suspending  two 
bfl^  of  copper  sulphate,  each  containing  2  ounces,  on  a  level  with  inlet  pipes  in  gate 

The  daily  consumption  of  water  is  estimated  at  1,250,000  gallons,  but  the  quantity 
of  copper  sulphate  was  based  on  1,000,000  gallons,  the  idea  being  to  apply  4  ounces 
every  two  hours,  thus  giving  1  pound  per  million  gallons. 

It  was  found  that  the  crystals  dissolved  too  quick,  and  the  quantities  were  changed 
to  2  ounces  every  three  hours. 

A  large  opening,  100  feet  by  40  feet,  is  cut  in  the  ice  adjacent  to  gate  house  and 
immediately  over  intake  pipes.  This  lias  also  been  treated  every  second  day  by  the 
application  of  I  ounce  forenoon  and  afternoon,  this  quantity  being  put  in  a  small 
bag  attached  to  a  long  pole  and  trailed  up  and  down  through  the  water  until  dis- 
solved, the  object  in  view  being  to  get  aa  even  a  distribution  as  possible  of  1  pound 
of  copper  sulphate  per  million  gallons  every  tweuty-four  hour?.  The  result  bas 
been  a  great  improvement  in  the  water  not  only  in  tbe  taste  and  odor,  but  in  its 
color.     (March  14,  1B05.) 

The  experiment  was  tried  several  days  ago,  and  immediately  an  improvement  was 
noticeable  in  tbe  water.  Yeetenlay  the  improvement  was  so  marked  that  it  was  a 
matter  of  comment  aoipng  the  citizens.  The  improvement,  however,  was  attributed 
to  the  melting  snow,  but  aa  a  matter  of  fact  there  has  been  no  new  water  from  this 
soim^  up  to  the  present  time.  •  •  •  Engineer  Edington  is  satisfied  that  a  solu- 
tion of  tbe  trouble  with  tbe  water  in  Ihe  winter  season  has  been  found.  (The  Daily 
Times,  Moncton,  New  Brunawick,  Nfarch  14, 1905.) 

NEW  YORK,  N.  Y. 

The  following  extract  is  taken  from  a  paper  read  before  the  American 
Cheoiical  Society  "  by  Mr.  Daniel  D.  Jackson,  chemist  in  charge  of  the 
Mount  Prospect  Laboratory  in  Brooklyn: 

The  department  of  water  supply  and  the  department  of  parks  of  New  York  City 
have  both  had  waters  treated  by  Ihe  author  during  the  summer  with  decided  eiic- 
ccsp,  and  in  each  case  only  one  treatment  extending  for  a  period  of  one  hour  waa 


SEWTOW\,  PA. 

The  reser\oir  at  Newtown,  Pa.,  is  a  small  one,  with  a  summer  tem- 
perature close  to  6(P  F.  The  number  of  ^fwieoWwii/a  caudatvs  per 
cubic  centimeter  was  sufficient  to  give  a  decided  green  color  to  the 
water,  and  a  scum  or  film  would  form  during  quiet  weather.  As  the 
organism  is  a  resistant  one,  two  treatments  were  made  about  one 
week  apart. 

"Science,  80:  805.    See  also  The  Engineering  Record,  October  29,  1904, 
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Mr.  T.  J.  Kenderdine,  of  the  Newtown  Water  Company,  gives  an 
account  of  the  work  in  the  Intelligencer,  from  which  the  following  is 
quoted: 

The  Newtown  Artesian  Water  Company  was  put  in  operation  sisteeu  years  ago, 
and  was  a  case  of  gronnd  water  pumped  into  an  open  basin.  The  water  was  analyzed 
as  L-hemically  pure,  and  in  the  absence  of  knowledge  of  alga  the  mana^rs  were  sur- 
prised to  find  a  discolorization  in  it  the  coming  summer,  with  a  taste  as  it  increased 
that  brought  complaint  from  the  consnmeis.  To  relieve  this  the  water  was  let  out, 
when  a  green  sediment  was  found  coating  the  bottom  and  sides  of  the  basin.  This 
was  removed  by  a  thorough  finehing  and  scrubbing  with  stiS  brooms,  when  it  was 
thought  the  trouble  was  over.  This  was  not  the  case,  and  for  the  past  sixteen  years 
there  has  been  a  repetition  of  this  attempt  to  remedy  the  evil,  which  was  found  to  be 
a  v^etable  growth  in  the  water  developed  by  the  sun  or  to  exposure  in  an  open  basin. 
The  only  way  aft«r  it  appeared  in  April  waa  to  empty  the  reservoir  weekly,  after 
running  the  water  down  to  a  depth  of  two  and  a  half  to  three  feet,  and  refill  it;  then, 
at  the  end  of  each  month  or  six  weeks,  have  a  general  scrubbing  and  brushing  of  the 
sedimented  water  to  a  prepared  depression,  where  it  was  pumped  or  carried  over  tlie 
rim  of  the  basin  in  buckets.  The  only  other  remedy  for  riddance  of  the  pest  was  to 
roof  over  the  whole  surface,  to  erect  a  brick  cistern  in  the  center  of  sufficient  size  for 
household  needs,  and  with  an  outlet  for  the  main  body  of  water  in  case  of  Are,  the 
inlet  from  the  pumping  station  coming  up  through  the  center,  and  roof  that  in,  and 
thereby  save  the  prohibitory  expense  of  covering  the  whole  reservoir,  or  to  pnmp 
night  and  day  into  the  street  "iR'nn  to  give  the  consumers  fresh  water,  and  leave  a 
stagnant  pool  in  the  basin,  or  throw  away  the  work  spent  on  erecting  the  basin  and 
erect  a  staudpipe.  All  these  were  thought  of  by  those  interested,  but  the  cost  and 
uncertainty  of  results  deterred  action,  and  the  alga  trouble  seemed  as  if  it  would 
stretch  out  indeAnitely  into  the  future,  with  its  coat  of  riddance  and  drain  on  the  coal 
pile  to  replace  the  lost  water  from  wells  from  150  to  200  feet  deep  to  a  storage  basin 
60  feet  above  their  surfaces.  The  remedy,  however,  without  the  expenses  these 
would  involve  was  not  far  off. 

The  second  application  was  made  September  24,  when  it  was  found  a  marked 
change  had  taken  place  torthe  better  in  the  character  of  the  water.  The  greenness 
was  going  and  so  was  the  &shy  taste. 

Nine  days  later  an  examination  of  the  reser^-oir  was  made,  when  it  was  shown 
that  the  water  was  absolutely  clear  and  that  there  n*as  no  need  of  further  treatment. 
It  is  now  three  months  since  the  water  has  been  let  out  or  the  reservoir  cleaned,  and 
the  effect  of  the  small  amount  of  copfter  used  is  marvelous.  The  water  in  the  basin 
is  OS  clear  as  a  lake,  and  comee  from  the  household  faucet  as  if  piped  from  a  spring. 
The  days  of  letting  out  alga-infected  water  and  its  replacement,  as  well  as  the 
monthly  cleaning,  which  was  looked  for  as  surely  as  the  new  moon  in  the  warmer 
seasons,  are  now  of  the  past,  and,  as  a  matter  of  couiae,  the  hours  fur  pumping  lefsened, 
as  well  as  the  drain  on  the  coal  pile,  and,  better  than  all,  there  waa  no  longer  any 
complfunts  coming  from  the  consumers.  In  dollars  and  centa  the  cost  of  the  new 
mode  waa  not  over  $1,  while  the  old  way  would  have  been  $60  in  the  time  since  the 
last  cleaning  of  the  reeen'oir. 

OBERLIS,  OHIO. 

George  N.  Carruthers,  Springdale  Farm,  reports  as  follows: 
You  may  recall  my  visit  at  yonr  headquarters  last  spring,  and  your  call  at  my 
farm  to  inspect  my  water-lily  and  lotus  pond,  and  your  recommendation  for  the 
destruction  of  algte.     Your  remedy  was  entirety  successful.     (October  24,  1904.) 
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PASSAIC,  X.  J. 


It  is  evident  that  the  ^oiii'ce  of  contamination  at  Passaic,  N.  J.,  has 
nut  been  ei-adicated,  and  it  seems  that  with  the  location  and  treatment 
of  tiiia  source  the  water  could  be  kept  in  good  condition.  The  lake  is 
a  small  one,  owned  by  a  land  improvement  company.  Mr.  Frank 
Hughes,  agent  for  the  company,  writes: 

M'e  have  treated  the  lake  Vw'u»  this  suitimer,  atid  the  laHt  time  we  also  applied  the 
copper  sulphate  to  the  little  pond  above.  There  has  been  a  slight  return  of  the  alga, 
but  so  far  it  has  not  been,  enough  to  retinire  another  treatment.  After  the  second 
treatment  last  summer  there  was  no  return  of  the  algie  until  aljout  the  middle  of 
Jime  this  present  aumuier.     (September  19,  1904.) 

PORT   DEPOSIT,  SID. 

Early  in  May  the  water  in  the  small  reservoir  supplying  the  Jacob 
Tome  Institute  at  Port  Deposit,  Md..  was  in  rather  bad  condition,  due 
chiefly  to  the  presence  of  Chlamydomonas.  Treatment  was  made  May 
*1. 1!)n4,  and  on  September  26  President  A.  W.  Hanis  wrote  as  follows: 

The  improvement  in  the  taste  and  odor  of  the  reservoir  water  was  extremely 
marlted.     The  water  is  now  in  a  very  siitiHfactory  condition. 

RHINEBECK,    N.    Y. 

George  X.  Miller  reported  as  follows  on  September  27,19tH,  with 
reference  to  the  success  obtained  in  using  copper  in  the  lake  on  his 
estate  at  Rhinebcck,  S.  J.: 

On  Augnst  H  I  aildcd  10  pouniU  of  oopi^er  sulphate  to  my  lake,  and  on  Augn;'t  5 
there  were  hardly  any  signs  of  alg«  left.  About  September  1  1  treated  again,  as  the 
algsB  had  reapiieared,  esiiecially  in  the  lower  fiart  of  tlie  lake.  This  time  it  was  only 
fairly  Hiiccessfid.  It  seemed  to  kill  off  about  half  of  the  algie.  A  second  application 
three  days  afterwards  seemed  to  have  but  little  effect.  I  should  say  that  to  kill  com- 
pletely needed  a  much  stronger  solution.  The  amount  1  used  certainly  did  no  harm 
to  ciittle,  sheep,  etc.,  and  did  not  kill  any  li>^h. 

The  alga  causing  the  trouble  is  a  rather  resistant  filamentous  form, 
but  one  which  should  be  easily  eradicated  by  treating  as  soon  as  tlie 
warm  season  begins  to  cause  nipid  development,  and  probably  again 
late  in  the  summer. 

SCARRORO,   X.   Y. 

The  following  is  a  report  of  the  treatment  of  a  pond  on  the  estate 
of  James  Speyer. 

I  dissolved  100  ponnds  of  copper  in  the  ]X>nd.  Sow  there  is  not  a  bit  of  water-net 
to  be  seen.     (July  2.i,  1904. ) 

The  quantity  I  roughly  estimate  at  about  one-hnif  the  quantity  which  you  advise<I, 
but  that  solution  did  its  work  effectively  and  the  algre  began  to  discolor  in  ai)out 
twenty-tour  hours,  and  after  thirty-six  hours  entirely  disappeared,  sinking  to  Iha 
iKittom. 
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It  is,  however,  only  jiiat  (or  me  to  a<ld  that  with  the  conlinaation  of  the  hot 
weather  the  pond  developed  a  rather  disagreeable  odor,  and  I  eiIhu  found  several 
dead  eelu  in  the  pond.  Whether  this  odor  i^  due  to  eonie  fiah  which  died  on  account 
of  the  copper  eulphste  or  to  the  decaj-ing  of  the  plants  which  had  sunk  to  the  bottom 
I  cannot  tell,  but  in  former  years  when  the  water  supply  was  about  the  same  ae  this 
vfRF  I  did  not  notice  the  pinell.     {September  20,  1904.) 

If  the  alga  was  allowed  to  develop  uotil  it  was  forming  large  niasi^es 
it  is  to  be  expected  tliat  during  its  decay,  subsequent  to  treatment,  it 
would  give  off  a  very  decidedly  disagreeable  odor, 

SPRINGFIELD,  ILL. 

Arthur  Ilay,  secretary-engineer  of  ttie  Pleasure  Driveway  and  Park 
District,  of  Springiield,  III.,  wrote,  under  date  of  September  21, 1904, 
regarding  the  use  of  copper  in  a  park  lake,  as  follows: 

The  custodian  reports  that  he  has  need  2  pounds  of  copper  sulphate  in  a  pond 
containing  about  2,000,000  gallons  of  water  thick ly  planted  with  water  lilies  and 
stocked  with  fish.  The  surface  of  the  water  was  covered  with  a  "  brownish  scum  " 
[probably  Spirogyra].  A  few  hours  after  the  application  of  the  sulphate  tlie  st-ucn 
disintegrated  into  a  cnrdy  precipitate  which  remained  entangled  about  the  stems  of 
the  water  lilies. 

Alter  waiting  several  days  for  this  lo  disappear,  and  oljserving  no  change,  he  drew 
off  the  wat«r,  and  after  cleaning  the  jMinil  refilled  it  with  fresh  water.  He  has  not 
noticed  any  growth  of  the  smm  since.  Neither  the  water  liliee  nor  the  fish  were 
a&ected  by  the  use  of  the  sulphate.  In  another  pond,  with  no  water  lilies,  but  bor- 
dered with  cat-tails  and  aquatic  grasses,  there  was  no  scum,  but  a  heavy  growth  of 
a  ''stringy  green  moss."  He  applied  copjier  sulphate  here  in  the  strength  at  first  of 
1  ]K)und  to  1,000,(XM  gallons  of  water,  and  later  considerably  stronger,  but  noticed 
no  effect  either  on  the  mo^  or  the  cat-tails. 

WALTHAM,  MASS. 

Bertram  Brewer,  city  engineer,  reported  trouble  due  to  algfe  in  the 
watering  tubs  in  his  pa.sture.  Mr.  Brewer  wrote  as  follows  on  Sep- 
tember 24,  1904: 

Soon  after  I  received  yonr  directions  I  filled  the  tubs  with  copper  sulphate  solution 
and  let  it  stand  in  one  tub  forty-eight  hours,  in  the  other  about  a  week.  The  result 
was  that  I  have  not  had  to  repeat  the  dime  oftener  than  once  in  three  weeks.  1  found 
that  a  careful  washing  in  the  copper  solution  also  prevented  the  growth  of  mosqiuloes 
in  my  tube,  and  that  made  it  doubly  desirable. 

This  is  of  interest  on  account  of  ^ain  bringing  up  the  matter  of  the 
-  destruction  of  mosquito  larvte  in  pure  wat«r  by  copper  sulphate. 

WATER   51ILL,  LONG    ISLAND,  N.  T. 

The  following  letter,  dated  December  2S,  1904,  from  Dr.  Thomas 
T.  Gaunt,  New  York  City,  is  self-explanatoiy: 

My  place  in  the  country  is  located  at  Water  Mill,  in  the  township  of  Southampton, 
in  Long  Island,  1  purchased  it  in  April,  1902,  and  was  largely  influenced  in  select- 
ing this  piece  of  land  by  the  beauty  of  a  pond  which  bounds  it  on  the  east.    This 
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little  body  of  w&t«r  covera  about  2  acree,  is  fed  by  numerous  epringe,  And  diecharges 
into  MefOK  Bay,  the  BOUthem  boundary  of  the  !and.  When  I  bought  the  plate  the 
pond  wae  filled  vcith  clear  water.  About  the  middle  of  the  following  June  al^ 
l>egan  to  show,  and  in  August  the  surface  was  almoet  entirely  covered  by  the  tn^wth. 
The  odor  was  offensive,  and  myriads  ol  small  inaecta  hovered  over  the  maseee  of 
algiv  much  of  the  time.  I  consulted  two  engineers  interested  in  the  storage  of  water, 
and  they  told  me  nothing  couid  be  done.  The  condition  was  bo  objectionable  that  I 
planned  to  plant  a  thick  hedge  of  willows  along  the  bank  to  shut  off  the  view  of  the 
pond  from  the  house.  *  *  -*  I  examined  the  pond  on  June  15  and  found  large 
niasHefi  of  algte  covering  an  area  several  hundred  feet  in  length  and  from  20  to  40 
feet  ill  width.  No  microseopical  examination  was  made  of  the  growth,  but  1  was 
informed  that  it  seemed  to  be  largely  composed  ol  filaments  of  Spirogyra  and  other 
Conferveie.  On  June  18  the  treatment  was  begun.  *  *  *  In  one  week  tlie 
growth  had  sunk  and  the  pond  was  filled  with  clear  water.  I  examined  the  pond 
on  September  15  and  found  it  still  dear.  From  time  to  time  during  the  summer 
pmall  massee  of  algw  appeared  along  the  banks,  but  they  were  only  apparent  on  clone 
inspection. 

The  use  of  the  sulphate  of  copper  converted  an  offensive  insect-breeding  pond  into 
a  body  of  beautifully  clear  wat«r.  The  pond  was  full  of  tish,  but  the  copper  did  aot 
seem  to  harm  them. 

WBI.LSBORO,  PA. 
Anton  Hardt,  WellsboroWaterCompany,  wrote  on  August  16, 1904: 
May  M  I  distributed  15  pounds  of  sulphate  of  copper  as  directed  by  you.    The 

algie  turned  brown  in  three  days  and  disappeared  entirely  inside  of  two  weeks. 

There  is  no  perceptible  odor  from  the  water  at  present 

W^NCHBSTBR,  KT. 

William  Wheeler,  consulting  engineer,  Boston,  Mass.,  wrote  on  Sep- 
tember 14,  1904,  as  follows: 

Atnong  the  many  sources  of  water  supply  with  which  I  have  had  relations  as 
engineer  and  manager,  under  both  municipal  and  private  ownership,  none  has 
approached  that  for  Winchester,  Ky.,  in  the  intensity  of  the  development  of  algie 
therein  or  in  offensivenese  of  the  results  arising  therefrom. 

The  works  were  constructed  in  1890,  the  source  of  suppl}'  being  the  impounded 
waters  of  a  creek  in  the  Blue  Grass  region,  in  which  the  flow  varies  from  a  violent 
torrent  in  times  of  heaviest  rainfall  to  sometimes  no  appreciable  flow  whatever  dur- 
ing one  to  three  or  four  months  of  the  driest  summers. 

The  odor  first  appeared  in  a  noticeable  degree  duriag  the  hot  summer  months  two 
or  three  yeara  after  the  works  were  constructed,  and  gradually  increased  from  year 
to  year — mitigated  to  some  extent  by  means  of  filtration  and  leration,  yet  neverthe- 
less attaining  to  such  a  degree  of  offensivenese  two  yeais  ago  as  to  make  its  use  for 
any  purpose  almost  intolerable. 

In  April,  1903,  I  applied  to  Mr.  Albert  F.  Woods,  Pathologist  and  Physiolopst  of 
the  Bureau  of  Plant  Industry,  to  enlist  the  services  of  Doctor  Moore  in  treating  the 
Winchester  reservoir  by  the  copper  HUl|ihate  process,  and  the  results  have  been 
briefly  set  out  in  Bulletin  No.  24  of  the  Bureau. 

The  treatment  has  once  been  renewed  this  season,  and  the  water  has  thereby  been 
kept  entirely  inoffensive  to  the  senseB  of  taste,  smell,  and  sight,  and  made  satisbc- 
tory  to  the  owners  of  the  works  and  the  community  which  they  sen-e. 

The  economic  value  of  the  treatment  appears  to  be  measured  by  what  it  would 
have  cost  to  procure  and  maintain  an  entirely  new  imd  independent  supply,  the  only 
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practical  source  of  which  is  the  Kentucky  River,  at  a  distance  ot  nearly  10  miles  from 
the  town  and  over  500  feet  below  it  in  elevation.  The  cost  of  inatalling  and  operat- 
ing the  additional  works  that  would  be  required  would  be  aboat  twice  as  great  aa  the 
coat  of  building  and  operating  the  present  supply  works. 

Charles  F.  Attersall,  Huperiiitcndeiit  of  the  WincDeater  waterworks, 
under  date  of  October  8,  190i,  said: 

The  treatment  of  the  reservoir  waa  made  on  July  X9, 1904,  with  a  solution  of  1  to 
4,000,000  copper  sulphate.  The  treatment  waa  considered  necessary  owing  to  the 
appearance  ot  Anabaena  and  a  perceptible  increase  in  odor.  The  solution  was  dis- 
tributed through  the  reservoir  in  practically  the  saoie  way  as  applied  last  year.  The 
result  of  this  treatment  has  been  entirely  satisfactory,  and  we  have  bad  no  occasion 
to  repeat  it.  The  water  has  been  in  excellent  condition  all  the  year,  with  the  excep- 
tion of  a  very  slight  odor  at  the  time  the  solution  was  applied.  We  have  had  no 
complaints  from  the  consnmers,  which  is  the  first  time  since  the  completion  of  tlie 
plant  in  1891.     - 

WIMNEBAGO  CTIT,  MINS. 

The  use  of  copper  in  this  instance  was  for  the  purpose  of  removiiiff 
the  odor  caused  by  the  decay  of  Lemna  and  sedge  that  grew  and 
decayed  rapidly  in  the  cooling  pond  of  the  Winnebago  Flour  Milla 
Company  The  amount  applied  was  far  in  excess  of  what  would  be 
practicable  if  fish  were  present,  and  illustrates  merely  an  incidental 
use  of  copper  sulphate.  S.  W.  Tredway,  of  the  above  company,  wrote 
on  September  17,  ISKti,  as  follows: 

We  have  applied  sulphate  of  copper  twice,  putting  same  in  a  bag  at  a  time  when 
onr  pond  was  still  and  dr^^ng  it  all  around.  We  used  3  pounds  of  copper  with  each 
treatment.  We  have  not  been  running  hot  water  into  the  pond  for  some  three  or 
four  weeks  because  of  the  fact  that  our  condenser  gave  out,  and  we  are  now  instal- 
ling a  new  one,  and  consequently  there  has  been  no  current  through  the  pond  during 
all  ibis  Ume. 

The  copper  has  completely  removed  the  odor  arising  from  the  pond,  and  there  is 
no  question  but  that  the  growth  has  been  checked,  and  from  appearances  we  shonhl 
think  that  the  weeds  are  commencing  to  die  off.  We  probably  will  not  be  in  a  pei- 
tion  to  say  definitely  just  what  the  results  are  before  next  spring.  We  are  F!oing  to 
make  an  effort  in  the  early  spring  to  prevent  a  new  growth  entirely. 

NECBSSITT  FOB  DXTEBMININa  THE  FOLLITTIKO  0BOANI8H. 

Before  the  quantity  of  copper  required  in  a  particular  reservoir  can 
possibly  be  determined  it  is  absolutely  necessary  to  ascertain  the  exact 
character  of  the  organism  causing  the  trouble.  This  makes  a  micro- 
scopical examination  of  the  first  importance.  Also,  the  earlier  in  its 
development  the  presence  of  the  polluting  form  is  revealed,  the  more 
effec^tive  will  be  the  treatment.  If  examinations  are  made  at  sliort 
intei-vals  throughout  the  year,  the  first  appearance  of  the  troublesome 
algfe  can  be  noted,  and  by  treating  promptly  at  the  first  sign  of  their 
decided  increase  it  is  possible  to  destroy  them  before  the  consumer  is 
caused  any  annoyance.  This  makes  a  considerable  difference  in  the 
expense  of  treatment  also,  as  it  may  require  fifteen  to  twenty  times  as 
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much  copper  to  clean  a  reservoir  after  the  bad  taste  and  odor  are 
evident  as  it  would  if  the  application  had  l>een  made  lM?fore  the 
organism  had  established  itself. 

Tn  all  caaes  the  use  of  copper  is  advocated  as  a  pre^'entive  rather 
than  as  a  cure,  and  the  treatment  can  not  Iw  intelligently  applied  unless 
the  microscopical  examinations  are  thorougli  and  frequent  at  the  time 
of  year  the  trouble  is  to  be  expected, 

TB0UBI.E80KE  F0BH8  AlfS  THEIB  IDENTIFICATIOH. 

The  bad  odors  and  tastes  due  to  the  presence  of  algw  may  be  due 
cither  to  a  definite  secretion  from  the  plant  or  to  its  decomposition. 
In  most  water  supplies  the  difficulty  is  first  evident  l)efore  the  algie 
have  liegun  to  die,  and,  although  the  objectionable  conditions  may  l)e 
augmented  by  subsequent  decay,  there  are  comparatively  few  alga- 
infested  reservoirs  in  which  the  disagreeable  effect  is  not  originally 
produced  by  the  living  algie.  The  effects  directly  produced  by  these 
plants  have  been  so  variously  described  that  it  is  difficult  to  ari-ange 
any  classification  which  will  enal)le  one  to  identify  thfi  oi^nism  by  the 
odor  or  tast«  produced.  In  geneml,  however,  it  may  be  said  that  the 
diatoms  cause  what  has  been  termed  an  '^aromatic"  odor,  although  if 
in  great  quantity  it  isapt  to  be  nauseating  and  fishy.  Uroglena,  which 
in  this  country  usually  appears  during  the  winter  months,  is  the  form 
causing  the  most  charactei'istic  fishy  taste  and  odor.  Volvox  is  reported 
to  have  a  similar  effect.  There  are  also  certain  forms  closely  related 
to  both  Uroglena  and  Volvox  which  at  times  may  produce  a  flavor 
suggestive  of  fish. 

During  the  summer  by  far  the  greatest  difficulty  in  water  supplies 
infested  with  algEe  is  due  to  the  blue-greens,  or  Schizophyceae,  The 
odor  first  noti<ieable  has  been  described  as  grassy  or  moldy,  but  this 
usually  changes  as  decay  sets  in  to  a  pronounced  "pig-pen"  odor, 
which  can  frequently  be  detected  for  a  considerable  distance  from  the 
reservoir.  Many  of  the  larger  grass-greon  alffa',  such  as  Cladophora, 
Confer\a,  Sptrogyra,  Hydrodictyon,  etc.,  cause  trouble  by  being 
present  in  such  quantities  as  to  produce  a  distinct  vegetable  odor  when 
they  begin  to  disintegrate. 

As  many  of  the  algie  occurring  in  water  supplies  are  very  minute,  it 
is  often  necessarj-  to  resort  to  special  methods  to  collect  samples  for 
identification.  In  some  instances  it  is  sufficient  merely  to  allow  a  jar 
of  the  water  in  question  to  remain  undisturl>ed  for  a  few  hours, 
when  the  algte  will  have  settled  to  the  bottom,  and  it  will  be  possible 
with  the  aid  of  a  pipette  or  a  small  glass  tube  to  remove  a  sample  of  this 
deposit  to  the  glass  slide  for  examination.  If  the  organisms  are 
motile,  or  if  it  is  desircnl  to  estimate  their  number  per  cubic  centi- 
meter, the  method  described  as  the  Sedgwick-Raftcr  method  is  the 
best  for  this  pnrix)se.     The  numerous  requests  for  a  means  of  deter- 
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miniD]^  quantitatively  the  algie  in  water  warrants  the  following  exten- 
sive quotation: 

THE    SEDGWICK- RAFTER    METHOD  OF    QUANTITATIVE    DETERMINATION." 

The  Sedgwick -Baiter  method  conaiats  of  the  followiog  proceeeeH:  The  filtration  of 
a,  measured  quantity  of  the  sample  through  a  layer  of  Band  upon  which  the  organ- 
iamB  are  detained,  the  aepamtiOD  of  the  organiame  from  the  sand  by  waahing  with  a 
email  meaaured  quantity  of  filtered  or  distilled  water  and  by  deoanting,  the  micro- 
scopical esamioation  of  a  portion  of  the  decanted  fiuid,  the  enumeration  of  the 
organisms  found  therein,  and  the  calculation  from  this  of  the  number  of  organiema 
in  the  sample  of  water  examined.  The  eeaential  parts  of  the  apparatus  are  the  filter, 
the  decantation  tubes,  the  cell,  and  the  microscope  with  an  ocular  microme1(^r. 

ThefUer. — The  aand  may  be  aupported  ujwDn  a  plug  of  rolled  wire  gauie  at  the 
bottom  of  an  ordinary  glaas  tunnel  7  or  H  inches  in  diameter,  but  the  cylindrical  tun- 
nel •  •  •  is  preferable.  The  inside  diameter  of  this  funnel  at  the  top  is  2  inches, 
the  distance  from  the  (op  to  the  beginning  of  the  slope  ia  i)  inches,  the  length  of  the 
elope  is  about  3  inches,  the  length  of  the  tube  of  small  l>ore  is  2i  inchea,  and  it£ 
inside  diameter  Ih  one-half  inch.  The  capacity  of  the  funnel  is  600  c.  c.  The  eup- 
port  for  the  sand  consista  of  a  perforated  rubber  stopper  pressed  tightly  into  the 
stem  of  the  funnel  and  capped  with  a  circle  of  fine  ailk  bolting  cloth.  The  circlee  of 
bolting  cloth  may  be  cut  out  with  a  wad  cutter.  Their  diameter  should  be  a  little 
less  than  that  of  the  small  end  of  the  rubber  stopper.  When  moist,  the  cloth  readily 
adheree  to  the  stopper.  The  sand  resting  upon  the  platform  thua  prepared  should 
have  a  depth  of  at  least  threc'tourtha  of  hd  inch.  The  quality  of  the  sand  is  impor- 
tant. Ordinary  sand  ia  unaatjafactory  unleaa  very  thoroughly  washed.  Pure  ground 
quartz  is  preferable.  Its  whiteness  ia  a  decided  advantage.  The  neceeaary  degree 
of  fineness  of  the  sand  depends  somewhat  upon  the  character  of  the  water  to  be  fil- 
tered. A  sand  which  will  paas  through  a  sieve  having  60  meshes  to  an  inch,  but 
which  will  be  retained  by  a  sieve  having  120  meahea,  will  be  found  satisfactory  for 
most  samples.  Such  a  sand  is  described  aa  a  60-120  sand.  When  very  minate 
organisms  are  present  a  finer  sand  must  be  use<l,  say,  a  60-140  sand.  The  sand  used 
for  many  years  by  the  author  had  the  following  composition: 
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The  sample  to  be  filtered  may  be  measured  in  a  graduated  cylinder  or  flask,  or  the 
filter  funnel  itaelf  may  be  graduated.  The  graduated  filter  tunnel  iseapecially  useful 
for  field  work,  as  it  saves  the  necessity  of  carrying  an  additional  graduate.  The 
quantity  of  water  that  should  be  filtered  depends  upon  the  number  of  organisms  and 
the  amount  of  amorphous  matter  pre^nt.  An  inspection  ot  the  sample  will  enable 
one  to  judge  the  proper  amount  Onlinarily  1,000  c.  c.  for  a  ground  water  and  SOO 
c  c.  for  a  surface  water  will  be  found  satisfactory.  In  some  cases  250  c.  c.  or  even 
100  c.  c.  of  a  surface  water  will  be  found  more  convenient.  When  the  water  is 
poured  into  the  funnel,  care  ahould  be  taken  not  to  disturb  the  sand  more  than  ia 
neceeeary,  otherwise  organisms  are  liable  to  be  forced  through  the  filter.    The  beet 
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plan  is  to  make  the  sand  compact  by  pouring  in  enougb  diaUlled  water  to  just  abont 
fill  the  neck  of  the  funnel  and  to  pour  in  tiie  zneasured  sample  before  the  sand  has 
become  uncovered.  The  liltrHtion  ordinarily  takes  place  in  about  half  an  hour,  but 
occasionally  a  sample  is  so  rich  in  orgaclsms  and  amorphous  matter  that  the  filter 
becomes  clogged.  It  then  becomes  necessary  to  agitate  the  sand  with  a  glass  rod  or 
to  apply  a  suction  to  hasten  the  filtration.  II  the  filt«rs  are  located  near  mnning 
water  an  aspirator  may  be  attached  to  the  faucet  and  connected  with  the  filter  by  a 
rubber  tube  having  a  glaae  connection  that  fits  the  bore  ot  the  rubber  stopper.  The 
UHe  of  the  aspirator  enables  the  filtration  to  be  made  in  a  few  minutee,  and  not  only 
eHectfi  a  saving  in  time,  but  reduces  the  error  caused  by  the  organisms  settling  on 
the  sloping  surface  of  the  funnel. 

Concentralion.^-An  a  result  of  the  filtration  the  organisms  and  whatever  other  sus- 
pended matter  the  sample  contained  will  have  been  collected  on  the  sand.  When 
all  the  water  has  passed  through  and  before  the  sand  has  become  dry  the  rubber 
stopper  is  removed  and  the  sand  with  its  accumulated  organisms  is  washed  down 
into  a  wide  test  tube  by  a  measured  quantity  ot  filtered  or  distilled  water  delivered 
from  a  pipette  or  an  automatic  burette.  The  amount  of  water  used  for  washing 
depends  upon  the  number  of  orfcanisms  collected  on  the  sand.  If  500  c.  c.  of  the 
sample  are  filtered  it  is  usually  best  to  wash  the  sand  with  5  c.  c,  thus  concentrating 
the  organisms  one  hundred  times.  Tlie  amount  of  water  filtered  divided  by  the 
amount  of  water  used  in  washing  the  sand  giveB  the  "degree  of  concentration."  The 
degree  of  concentration  may  vary  from  10  to  5O0,  according  to  the  contents  of  the 
sample.    Ordinarily  it  should  be  50  or  100. 

By  shaking  the  test  tube  the  organisms  will  become  detached  from  the  sand  grains. 
If  this  is  followed  by  a  rapid  decantation  into  a  second  test  tube  most  of  the  organisms, 
being  lighter  than  the  sand,  will  pass  over  with  the  decanted  fluid,  while  the  sand 
is  left  upon  the  walls  of  the  first  tube.  To  insure  accuracy  the  sand  should  be  n-ashed 
a  second  time  and  the  two  decanted  portions  mixed  together.  If,  for  example,  it  is 
desired  to  concentrate  a  sample  from  500  c.  c.  to  10  c.  c.,  the  sand  should  be  washed 
twice  with  5  c.  c.  and  the  two  portions  poured  together.  This  will  give  a  more 
accurate  result  than  a  single  washing  with  10  c.  c. 

It  is  necessary  to  allow  for  the  volume  of  the  sand  and  to  use  a  definite  amount  of 
Band  at  each  filtration.     The  60-120  sand  holds  about  50  per  cent  of  water,  and 
ordinarily  about  2  c.  c.  of  the  sand  are  used;  hence  ttn  allowance  of  I  c.  c.  must  be   ■ 
made  lor  tbe  water  held  in  the  sand. 

The  cell. — -The  cell  into  whiih  a  measured  jxirlion  ot  the  concentrated  fluid  in 
placed  for  examination  is  made  by  cementing  a  rectangular  brass  rim  to  an  ordinary 
glass  slip.  The  internal  dimensions  of  the  cell  are:  Length,  60  mm. ;  width,  20  mm., 
and  depth,  I  mm.  It  therefore  has  an  area  of  1,000  sq.  mm.  and  a  capacity  of  1  c.  c. 
A  thick  cover  glass  (No.  3)  having  dimensions  equal  to  those  of  the  outside  of  the 
brass  rim  (55  mm.  by  25  mm. )  forms  a  roof  to  the  cell.  The  concentrated  organisms 
in  the  decantation  tube  are  distributed  uniformly  through  the  fluid  by  blowing  into 
it  thn>ugh  a  pipette,  and  1  cubic  centimeter  of  the  fluid  is  then  transferred  to  the 
cell  in  such  a  manner  as  to  distribute  the  organisms  evenly  over  the  enUre  area. 
This  may  be  done  by  laying  the  cover  glass  diagonally  over  the  cell  so  that  an  open- 
ing is  left  at  either  end,  and  flowing  the  water  in  at  one  end  while  the  air  escapes  at 
the  other. 

The  minmeope. — An  expensive  microscope  is  not  needed  for  the  numerical  esti- 
mation of  the  common  microscopic  organisms  found  in  water.  A  simple,  compact 
stand  with  a  one-halt  ini-h  objective  and  a  1-inch  ocular  is  sufficient.  For  study- 
ing the  organisms  in  detail  and  for  general  laboratory  use  in  the  study  of  water  a 
large  stand,  with  substi^e  condenser,  iris  diaphragm,  mechanical  stage,  etc.,  should 
he  provided.  The  list  of  objectives  should  include  a  2-inch,  a  one-half  inch,  a  one- 
fourth  or  one-sixth  inch,  and  a  one-tweltth  inch  homogeneous  immersion,  or  their 
equivalents,  and  there  should  be  several  oculars  magnifying  from  (our  to  twelve  times. 
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The  owilar  micrometer  consJBtH  of  a  square  ruled  upon  «  thin  gltiBB  disk,  which  is 
place<l  upon  the  diaphragm  of  the  ocular.  The  square  is  of  such  a  size  that  with  a 
certain  combination  of  objective  and  ocular  and  with  a  certain  tube  length  of  the 
microecope,  the  area  covered  by  it  on  the  fta^te  is  juat  1  square  milliraeter.  For  con- 
venience it  should  be  subdivided,  as  shown  in  fig.  0.  The  size  of  the  largest  square 
is  I  square  millimeter.  The  size  of  tlie  smallest  sqnare  is  one  stajiilard  unit.  The 
standard  unit  is  represented  by  theareaof  asijLiare  20  microns  on  a  mde — i,  e.,  by  400 
square  microns.  With  a  one-half-inch  objective  and  a  No.  3  ocular  the  square  ruled 
for  the  ocular  micrometer  should  be  7  mm.  on  a  side.  Before  using  the  micrometer 
the  proper  tube  length  must  be  ascertained  by  comparison  nith  a  stage  micrometer. 

Knumeration. — The  cell,  filled  with  the  concentrated  fluid,  is  placed  upon  the  stage 
of  the  microscope  and  the  organisms  included  within  the  area  of  the  ruled  square  are 
euunted.  It  is  then  moved  so  that  another  portion  of  the  cell  comes  into  the  Held 
of  view  and  another  square  is  counted.  This  is  continued  until  a  sufficient  number 
of  representative  squares  have  been  ei[amine<l.  It  i)i  obviously  impracticable  to  count 
all  of  the  1,000  squares  which  compose  the  area  of  the  cell.  It  is  usually  Bufficieut 
to  count  ten  or  twenty  squares,  but  a  larger  number  ovight  to  be  scrutinized.  In 
counting  the  organisms  it  should  be  remembered  that  some  are  heavy  and  sink  to 
the  bottom,  while  others  are  light  and  rise  to  the  lop.  The  observer  should  make  a 
practice  of  changing  the  focus  of  the  microscope  so  that  both  the  upper  and  lower 
portions  of  each  square  may  be  examined. 

Prom  thenumberof  organisms  found  in  the  ten  and  twenty  squares  it  is  an  easy  mat- 
ter to  calculate  the  nnmber  originally  present  in  1  cubic  centimeter  of  the  sample.  If 
Irepresents  the  number  of  organisms  found  in  20  squares,   ^  will  represent  the  number 

found  in  one  square,  and  50  I  (  =  . -XIOOO)  will  represent  the  number  in  the  entire 
cell,  or  in  I  cubic  centimeter  of  the  concentrated  fluid.  This  divided  by  the  degree 
of  concentration  will  give  the  number  of  organisms  in  1  c.  c.  of  the  sample. 

KEY  FOR  IDENXIITING  AtGJE. 

The  following  short  key  is  given  us  an  aid  to  those  who  have  not 
access  to  the  voluminous  and  scattered  literature  on  algte,  in  the  hope 
that  by  this  means  forms  which  would  otherwise  remain  unidentified 
may  be  recognized  and  treatment  made  to  the  best  advantage. 

CoNJtIOATAB, 

Oram  or  yellow  green  algie  whose  cells  always  divide  in  the  same  direction  form- 
ing single  cells  or  united  into  unhranched  threads  or  filaments;  no  swarm  spores. 
Produces  zygospores,  and  occasionally  akinetes  and  aplanospores. 

Cell  almost  divided  into  two  symmetrical  halves  by  a  constriction  or  thinning  of 
the  cell  contents;  almost  always  with  double-layered  membrane.     Single,  or 

sionally  united  into  threads A.  Desmidiaceae. 

Cells  cylindrical,  without  constriction.  United  into  threads--. .B.  Zygnemaceae. 
A.    Desmidiaceae. 

(a)  Cells  with  only  slight  constriction. 

I.  Cells  lunate Cloetmum. 

(6)  Cells  with  pronounced  constriction. 
I.  Cells  twice  as  long  as  wide. 

1.  Contour  of  cells  3  to  5  pointed Staurattrum. 

2.  Contour  of  cell  round  or  oval;  smooth. 

"Cells  free Cmmarivvn. 

••  Cells  united  into  a  maaw  of  jelly .VKrattfHa*. 
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B.    ZygnemaceEie. 

Two  axil  star-Bhaped  chroniatophoree  in  each  cell Zygnema. 

One  or  more  peripheral  spiral  chroraatophores Spirogyra. 

Chlobophycsae. 

GrasB  or  yellow  green  algae,  aiogle,  or  united  into  threads,  plates,  or  raaeses. 
Form  true  spores,  swarm  spores,  akinetes,  and  aplanospores.  Conetitnling  all  of  the 
green  algae  not  included  in  the  Conjugateae. 

(.4)  Cells  with  one  nucleus,  frequently  united  into  a  gelatinous  colony. 

(a)  Vegetative  state  actively  moUle A,  Volvocaceae. 

(6)  Vegetative  Btat«  not  motile. 

I.  Vegetative  cell  diviBion  for  increase  of  colonies;   without  swarm 

spores B.  Pleurococcaceae. 

II.  Without  vegetative  cell  division,  cells  single C.  Protococcaceae. 

III.  Cells  united  to  form  colonies  of  delinite  form.D.  Hydrodictyaceae. 
(B)  Cells  with  one  or  many  nuclei  united  to  form  simple  or  branched  threads, 

or  rarely  one  or  more  layered  plates. 
{a)  Vegetative  cells  with  only  one  nucleus. 

I.  ThalluB  of  one  or  more  layered  plate,  free  or  attached  at  base, 

E.  Ulvaceae. 

II.  Thallus  consists  of  a  simple  or  blanched  cell  series. 

1.  Unbtanched  fl  laments F.  Ulothricaceae. 

2.  Branched  filaments G.  Chaetophoraceae. 

{b)  Vf^tative  cells  with  many  nuclei,  simple  or  branched  filaments. 

I.  Spore  formation  by  union  of  swarming  gamet«e. 

Filaments  simple  or  branched,   with  base  and   point  of  growth. 
Division  of  filaments  not  dorsiventral H.  Cladophoraceae. 

A.  Volvocaceae. 
{A)  Cells  sit^le. 

(a)  Cells  with  a  thin  white  covering  which  does  not  form  two  valves. 

I.  The  integument  thickened  on  one  side.    Cilia  arising  directly  from 

the  rounded  forward  end Oilamydomona*. 

(£)  Cells  united  to  form  definite  colonies. 

(a)  Round  or  oval  colonies  in  a  gelatinous  envelope  with  cilia  projecting 
from  all  sides. 

I.  Colonies  of  16  cells Pandorina. 

II.  Colonies  of  32  cells Eudoritwt. 

III.  Colonies  of  very  many  cells  forming  a  large  sphere Volrox. 

B,  Pleurococcaceae. 

(A )  Cells  neither  possessing  gelatinous  sheath  nor  embedded  in  Jelly. 
(a)  Cells  single. 

I.  Cells  sickle-shaped  or  lunate Raphidium. 

{b)  Cells  arranged  in  a  plane. 

I.  Colonies  arising  through  division  in  one  direction Seenedamut. 

D,     Hydrodictyaceae. 

{A)  Colonies  hollow  within. 

{a)  Cells  cylindrical,  long , . . . Ilydrodietyott, 

(A)  Thallus  membranaceous,  plate.     Consists  of  two  layers  of  cells Ulm. 

{B)  Thallus  membranaceous,  tube  forming.    Cells  in  older  part  slightly  or  not 
at  all  arranged  in  definite  order Enteromorpha. 
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F.  TJlothrioiceae. 

{A)  Cross  walls  of  equal  tbickoees. 

(a)  Swann-Hporee  present,  escaping  through  a  round  hole  in  the  cell  wall. 

I.  Filamenta  long;  cells  all  alike Vloikrix, 

(6)  Swarra-aporeB  estape  by  breaking  across  theoell  wall.     Chromatophores 
consist  of  little  orbicular  plates, 
I.  The  filament  has  one  pedicle  and  aumeroos  cells (hnferra. 

G.  Chaetophoraceae. 

{A)  ThalluB  not  epiphytic,  efltablished  with  a  basal  cell  or  ground  c«ll,  seldom 
spherical  or  united  into  a  spherical  gelatinous  mass. 

(a)  A  clearly  defined  main  stem  present Drapamaldia. 

[b]  No  clearly  defined  main  sUim  present 

I.  Branches  ending  in  hair  points Stiffeodemmm. 

H.    Cladophoraceae. 

Thallns  ooneista  of  branched  filamenta.    Branches  im^uiar  or  forming  a  radial 
clump;  akinetes  absent Ctadophora. 

SCHIZOPBVCEAE. 

(.1)  Plants  consisting  of  a  single  cell,  occasionally  united  into  colonies  by  being 
embedded  in  a  eelati nous  matrix I.  Coccogoneae. 

(B)  Plants  having  always  more  than  one  cell,  forming  simple  or  branched  fila- 
ments, which  may  or  may  not  be  inclosed  in  an  outer  gelatinous  layer  or 

sheath II.  Hormogoneae, 

(I)  Coccogoneae: 

(1)  Cells  free  or  only  slightly  held  together,  not  forming  a  definite  col- 

ony   Ckrooeocatf. 

(2)  Cells  held  together  in  a  gelatinous  matrix  and  forming  colonies  of 

regular  outline. 

(a)  Colonies  at  first  solid,  t^veral  rows  of  cells  thick,  becomingsaccate 

and  perforated Oatkrocyifii. 

(b)  Colonies  hollow,  cells  only  on  outer  surface Othspkaermm. 

(IT)  Hormogoneae: 

(1)  Cells  generally  differentiated  into  three  kinds:   (1)  Vegetable  celb; 

(2)  spores;  and,  (3)  heterocysta.  The  latter  usually  are  of  different 
color,  clearer  contents,  and  with  thickenings  in  ttie  walls  adjoining 
the  vegetative  cells  or  spores (a)  Heterocysleae. 

(2)  Cells  in  each  filament  undifferentiated.    No  heterocysts. 

(b)  Homocysteae. 
(a)  Heterocysteae: 

+  Filaments  irregularly  interwoven  and  contorted,  inclosed  in  a 

definite  gelatinous  mass No*toc. 

+  +  Filaments  free  or  but  slightly  united. 

0  Heterocysts  and  spores  intercalary. 

*  Filaments  free  or  united  in  formless  mas8..--'inibnfna. 
**  Filaments  densely  agglutinated  in  fascicles,  often  of 

considerable  size Apkanitomfnon. 

00  Heterocysts  and  terminal  spores  contiguous. 

Cylmdrogperm  nm. 
(6)  Homocysteae; 

+  Filamenta  cimple,  with  an  evident  sheath Lijnghya. 

■T  +  Filamenta  aimple,  sheath  wanting  or  very  slight,  plants  possess- 
ing a  characteristic  movement Oscillalorh. 
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MBTHOD  OF  APFLTINa  COFPSB.  SULPHATE. 

Before  introducing  the  copper  3iilphat«  it  is  necessary  to  determine 
accumtely  the  volume  of  water  to  be  treated. .  This  is  imperative  in 
the  case  of  municipal  supplies  and  large  reservoirs,  as  an  error  in  the 
the  estimation  might  cause  considerable  inconvenience.  Many  cases 
will  arise,  however,  in  which  a  rough  computation  will  be  much  more 
convenient  and  entirely  practicable. 

The  method  considered  most  practicable  in  introducinsr  copper  sul- 
phate into  u  water  supply  has  been  outlined  in  a  previous  publication,'* 
from  which  we  quote: 

Place  the  required  numberol  pounds  of  copper  sulphate  in  a  coareebi^ — gunnveack 
or  some  equally  loose  mesh — and  attaching  thig  to  the  stem  of  a  rowboat  near  the  sur- 
face of  the  water,  row  slowly  back  and  forth  over  the  reeervoir,  on  each  trip  keeping 
the  boat  within  10  to  20  feet  of  the  previous  path.  In  this  manner  about  100  pounds 
of  copper  sulphate  can  be  distributed  in  one  hour.  By  increflsing  the  number  of 
boats  and,  in  th«  case  of  very  deep  reservoirs,  bailing  twoor  three  bags  toea«h  boat, 
the  treatment  of  even  a.  large  reservoir  may  be  accomplished  in  from  four  to  six 
hours.  It  is  necessary,  of  course,  to  reduce  as  much  as  possible  the  time  required  for 
applying  the  copper,  so  that  for  immense  supplies  with  a  capacity  of  several  billion 
gallons  it  would  probably  be  deairabls  to  use  a  launch,  carrying  long  projectile  spars 
to  which  could  be  attached  bags  each  containing  several  hundred  pounds  of  copper 
sulphate. 

The  substitution  of  wire  netting  for  the  gunny -sack  bag  allows  a 
more  rapid  solution  of  the  sulphate,  and  the  time  required  for  the  intro- 
duction of  the  salt  may  thus  be  considerably  reduced. 

The  temperature  has  such  great  influence  on  the  effect  of  copper 
upon  polluting  forms  that  it  is  best  to  select  as  warm  a  day  for  treat- 
ing as  circumstances  will  permit. 


Treatment  with  copper  sulphate  is  an  effective  and  practicable 
means  of  sterilizing  water  polluted  with  certain  pathogenic  bacteria, 
and  as  an  emergency  method  is  applicable  to  both  household  and 
municipal  conditions.  It  should  prove  particularly  useful  in  very 
large  water  supplies  accidentally  or  suddenly  contaminated  with  typhoid 
bacilli  and  not  provided  with  any  adequate  means  of  purification. 
Under  such  circumstances  the  case  becomes  not  one  of  pure  water 
versus  water  containing  copper  sulphate,  but  of  sterile  water  contain- 
ing an  amount  of  copper  not  dangerous  to  health  vei-sus  wpter  and 
typhoid  bacilli.  The  method  formerly  suggested*  for  treating  a  res- 
ervoir would  undoubtedly  be  advisable  in  special  cases  of  unusually 
great  contamination  when  the  water  contained  an  abnormal  amount  of 

o  Bulietiu  No.  64,  Bureau  of  Plant  Indnetrj',  p.  25.  tilbid.,  p.  33. 
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organic  matter,  but  in  general  an  epidemic  could  be  controlled  and 
quickly  eradicated  by  a  solution  mucii  weaker  than  the  1  to  100,000 
listed  as  necessary  for  complete  sterilization  within  twelve  hours. 
One  to  2,000,000  is  sufficient  in  most  cases,  and  even  less  than  this 
quantity  of  copper  is  of  decided  benefit  in  certain  kinds  of  water. 


For  many  years  Columbus,  Ohio,  has  had  a  high  typhoid  rate,  and 
the  last  few  years  have  been  a  period  of  almost  continuous  epidemic. 
After  some  correspondence  with  this  laboratory.  Dr.  McKendree 
Smith,  health  officer  of  the  city,  decided  that  copper  sulphate  offered 
a  means  of  dealing  with  these  exceptionally  dangerous  conditions. 
He  accordingly  ti-eated  the  water  supply  and  has  recently  made  the 
following  signiScant  report: 

The  Scioto  River  furuiehee  the  main  source  ot  water  supply  to  the  city  of  Colum- 
bus, Ohio.  Under  ordinary  conditione  it  ie  coneUntly  menaced  by  innumerable 
BOUrcea  ol  pollution,  Tke  limestone  quarries,  ailuated  on  both  sides  of  the  stream 
anit  extending  2  miles  along  the  banks,  employ  over  300  men,  many  of  whom  are 
housed  with  their  families  in  smal]  buildings  i  b  >iit  the  quarries  on  the  extreme 
edge  of  the  river's  banks.  A  dozen  or  fifteen  small  houses,  in  which  large  Italian 
families  live,  are  located  in  and  about  the  old  State  quarries,  which  are  also 
within  a  few  feet  of  the  river  bank.  A  number  of  villages  nestle  dangerously  near 
the  river.  The  girls'  induetrial  borne  {an  institution  caring  for  about  800)  discharges 
its  eewt^  directly  into  tbe  river  about  18  miles  above  the  intake.  Many  small 
tributaries  carry  their  share  of  pollution  into  the  stream.  These  constitut«  the  ordi- 
nary and  always  present  dangers  to  the  city's  water  supply.  Recently,  however, 
other  grave  dangera  were  added.  During  the  past  eight  or  tea  months  about  200 
men,  living  in  tents  and  temporary  huts,  employed  in  constructing  a  storage  dam, 
clearing  the  river  banks  of  treeaand  undergrowth,  and  in  building  the  C.,U.  and  W. 
traction  line,  by  their  presence  and  the  manner  in  which  they  were  comiielleil  to 
live,  increased  to  no  inconsiderable  degree  the  already  too  great  dangers. 

To  successfully  police  such  a  water  supply  is  impossible,  and  as  a  temporary  expe- 
dient, pending  the  completion  of  the  purifirAtioii  plant,  1  resorted  to  the  use  of  cop- 
per sulphate  to  keep  the  water  supply  free  from  di!>ease-producinK  micro-or^nifims. 

My  aim  at  firfit  was  to  treat  polluted  tributaries  and  staj^ant  pools,  which  would 
drain  into  the  river  at  the  first  rainfall,  so  as  to  render  them  harmless.  The  still 
water  in  deep  pools,  which  upon  analysis  showed  pollution,  was  also  treated  and  at 
intervals,  when  the  water  in  that  part  of  the  slreain  From  which  the  city's  supply 
was  taken  showed  pollntion,  the  treatment  was  applied  directly  to  the  water  at  the 
intake.  At  no  time  as  the  water  entere  the  intake  was  it  subjecte<l  to  a  treatment 
stronger  than  1  part  in  1,500,000.  By  carefully  testing  and  treating  the  water  of 
polluted  tributaries  and  stagnant  pools,  it  was  seldem  necessary  to  treat  the  river 
Erectly. 

Previously  to  the  treatment  of  the  water  with  copper  sulphate  only  upon  rare 
occasions  was  the  water  free  from  colon  bacilli,  but  after  the  treatment  was  begun, 
from  the  I9th  day  of  August  to  the  30th  day  ot  December,  daily  tests  showed  that 
the  water  was  free  of  colon  bacilli.  t>uring  the  heavy  rainfall  in  the  latter  part  of 
December,  samples  vere  taken  from  the  hydrant  tap  at  regular  intervals  of  two 
houTB  both  day  and  night    Notwithstanding  the  months  of  dry  weather  which  pre- 
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ceded  the  rainfall,  the  t-olon  bacilli  were  preeent  for  a  period  not  longer  than  eixteen 

The  treatment,  which  was  begun  and  continued  without  the  knowledge  of  the  city 
authorities,  was  orJered  stopped  on  January  5, 1905,  after  the  daily  papers  published 
glaring  accountn  of  the  dangers  attendant  upon  eut^h  trea'ment.  To  allay  the  fears 
of  the  people,  five  employees  of  the  health  department  took  daily  for  thirty  daye 
three-tenths  of  a  grain  of  copper  sulphate  without  any  t-igns  of  discomfort  or 
symptoms  whatever. 

During  the  month  of  August  there  were  reported  to  the  health  otSce  52  cases  of 
typhoid  fever;  September,  16  cases;  October,  16  cases;  November,  8  cases;  Decem- 
ber, 17  cases,  only  4  of  which  used  city  water;  January,  1905,  91  cases;  February, 
376  cases. 

Ill  January,  1905,  not  until  the  14th  was  a  single  case  reported  that  could  be 
attributed  to  the  use  of  the  city  water.  On  that  day  3  were  reported;  on  the  16th, 
3;  on  the  ISth,  3;  on  the  20th,  1;  on  the  2lBt,  3;  on  the  23d,  3;  on  the  24th,  14. 
Prom  this  date  on  the  cases  have  averaged  over  10  each  day.  No  copper  aulphat« 
has  been  used  unce  January  5,  1905. 

The  following  tabulation  of  the  data  contained  in  the  above  report 
will  perhaps  show  the  results  of  the  work  more  clearly: 
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In  connection  with  the  results  obtained  ftt  Columbus  should  be 
mentioned  the  treatment  of  the  water  supply  at  Albuquerque,  N,  Mex. 
This  was  reported  upon  by  John  Weinzirl,  city  chemist,  as  follows: 

I  desire  to  Inform  you  that  we  used  your  copper  sulphate  treatment  In  the  reser- 
voir of  our  city  water  supply  this  stimmer  with  good  results.  This  reservoir  was 
full  of  algfe,  and  the  water-supply  company  could  not  clearit  beforecertain  improve- 
ments in  their  plant  were  installed.  The  flavor  of  the  water  was  rank;  but  two 
treatments  made  a  great  improvement,  Ihough  the  water  was  rendered  cloudy  by 
the  partly  decomposed  organismR.  We  applied  the  treatment  late  in  July  and  in 
August.  During  October  we  had  a  small  epidemic  of  typhoid,  perha^ie  HO  cases;  the 
water  supply  wai^  again  treated  with  copper  sulphate,  and  within  three  weeks  the 
epidemic  ended. 

I  might  add  that  during  the  first  treatment  the  bacterial  content  of  the  water  fell 
to  one-fourth  the  original  number. 

8TBBIL1ZATI0K  OF  WATEB  BT  MEANS  OF  METALLIC  COPPER. 

The  effect  of  metallic  copper  upon  B/ir/'Uu/t  typhi  in  water  is  of 
consideral>le  importance.  For  small  amoinit-j  of  wafer  it  has  been 
found  convenient  and  desirable  in  many  cases  to  guard  against  Imcterial 
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contamination  by  employing  copper  tanks,  and  where  frequent  boiling 
can  not  be  resorted  t«  the  use  of  copper  may  be  regarded  as  the  only 
possible  safeguard.  In  some  cases  this  may  not  be  absolute,  for  our 
experiments  upon  water  from  various  places  and  the  experiments  of 
other  inrestigators  show  that  the  chemical  constitution  of  the  water 
under  consideration  is  of  the  greatest  importance.  Water  that  con- 
tains a  very  large  amount  of  matter  in  suspension  is  perhaps  the  most 
difficult  to  sterilize.  Under  these  conditions  twenty-four  to  forty-eight 
hours  at  room  temperature  would  probably  be  necessary  for  complete 
sterilization  through  the  agency  of  metallic  copper  tanks;  on  the  other 
hand,  metallic  copper  in  water  containing  a  large  amount  of  organic 
acid,  or  free  acid  of  any  sort,  would  destroy  all  typhoid  bacilli  in  two  or 
three  hours  at  the  most.  Complete  sterilization  is  a  standard  to  which 
even  the  best  filters  seldom  attain,  and  under  the  most  unfavorable 
conditions  the  reduction  in  the  number  of  bacteria  in  water  exposed  to 
the  action  of  metallic  copper  for  twelve  hours  will  be  approximately 
as  great  as  in  a  filtered  water.  The  copper  must  be  kept  clean,  not,  as 
is  popularly  supposed,  to  protect  the  consumer  from  copper  poisoning, 
but  because  it  is  possible  for  the  metal  to  become  so  coated  with 
foreign  substances  that  there  is  no  longer  anj'  contact  of  copper  and 
water,  and  hence  no  antiseptic  action. 

An  interesting  corroborative  fact  is  the  antiseptic  property  of  cop- 
per coins.  Lately  considerable  work  has  been  done  on  this  problem 
by  the  department  of  health  of  the  city  of  New  York,"  and,  as  was 
to  be  expected,  it  was  found  that  copper  and  nickel  coins  smeared  with 
cultures  of  pathogenic  bacteria,  such  as  BnciUtts  dipJdfu-riae,  were  com- 
pletely sterile  in  a  few  hours,  and  that  the  same  was  true  to  a  less 
degree  of  silver  coins. 

In  a  recent  article,  Dr.  Henry  Kraemer  reviews  the  applicability  of 
the  germicidal  power  of  copper  to  drinking  water,  and  his  results  with 
the  FhiUdelphia  water  show  that  standing  four  hours  in  the  presence 
of  copper  foil  completely  destroyed  both  Biiclllm  typhi  and  Bacillus 
coll. 

Doctor  Kraemer^s  conclusions  are  quoted  below:  * 

In  filtration  proceeaes  it  ie  generally  understood  that  both  typhoid  and  colon 
oricanienie  are  the  fimt  to  he  eliminaleil,  and  without  waiting  to  make  a  aystenuitie 
study  of  the  organixmH  which  perstHt  as  ivell  as  those  whi(-h  are  kille<l  in  the  cop)>fr 
treatment  of  water,  I  thought  it  well  to  test  the  method  l>y  using  water  containing 
theee  organisms  alone.  As  renults  dcpeii<l  in  some  measure  upon  the  method  useil, 
I  will  try  to  outline  my  method  before  giving  my  results. 

I.  Water  under  three  different  conditions  was  employed:  (i)  Diatllleil  water  which 
was  prepared  from  tap  water  by  fimt  treating  it  with  potassium  permanganate  and 
then  distilling  it  two  or  three  times  by  means  of  apparatus  construetcd  entirely  of 


o  Report  of  Dr.  Wm.  H.  Park,  March  1,  1904. 

*Henry  Kraeiner,  "The  Efficiency  of  Copper  Foil  in  Deatroyin)?  Typhoid  and 
Colon  Bacilli  in  Water."  American  Medicine,  February  18,  1SKI5,  Vol.  IX,  No.  7, 
p.  276. 
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glass;  (6)  filtered  tap  wat«r,  prepared  by  meane  of  a  Berfcefeld  filter  attached  to  a 
copper  spigot;  (c)  tap  water,  collected  after  being  allowed  to  run  through  a  copper 
spigot  for  five  minutes.  All  of  these  were  sterilized  in  an  autoclave  at  110°  for  thuty 
minutes. 

2.  The  cultures  of  typhoid  and  colon  which  were  used  were  pure  cultures  developed 
in  bouillon  for  eighteen  houre  to  twenty-four  hours. 

I  may  say  that  every  eiiigle  experiment  which  we  haveconducted  •  *  ■•  shows 
that  copper  foil  is  exceeding  toxic  to  colon  and  typhoid  bacilli,  particularly  the 
latter. 

It  will  be  seen  by  coneulUng  the  tables  that  in  the  filtered  water,  to  which  no  cop- 
per foil  had  been  added,  the  typhoid  organisms  did  not  grow  and  multiply  as  was 
the  case  with  the  tap  water  and  distilled  water,  although  there  was  a  larger  number 
of  organisms  to  btgin  wilh.  This  also  applies  in  a  measure  to  the  colon  bacilli,  with 
which  there  is  a  very  marked  inhibiting  action  in  those  growing  in  the  filtered 

At  first  I  was  inclined  to  attribute  this  diminution  in  the  number  of  the  or]ganismB 
to  minute  traces  of  copper  in  the  flasks,  but  subsequent  experiments  showed  that 
this  was  not  the  case.  I  am,  therefore,  inclined  to  attribute  these  rather  anomalous 
reeultfl  to  the  presence  of  extremely  small  quantities  of  copper  dissolved  by  the  water 
in  its  necessarily  slow  passage  through  the  copper  spigot  to  which  the  filter  was 
attached.  This  is  a  pha^e  of  the  problem  to  which  I  am  devoting  my  attention  at 
present,  as  it  certainly  opens  up  an  interesting  side  of  this  subject. 

Even  granting  the  efficiency  of  the  boiling  of  n-ater  for  domestic  purposes,  I  believe 
that  the  copper- treated  water  is  more  natural  and  more  healthful,  inasmuch  as  the 
various  inorganic  constituents,  particularly  the  salts  of  calcium  and  magnesium,  are 
in  a  more  soluble  and  assimilable  condition,  being  furthermore  less  concentrated,  at 
the  same  time  the  natural  gases  of  the  water  being  retained. 

From  the  experiments  thus  far  conducted  the  following  conclusions  may  be  drawn: 

1.  The  intesUnal  bacteria,  like  colon  and  typhoid,  are  completely  destroyed  by 
placing  clean  copper  foil  in  the  water  containing  them. 

2.  The  effects  of  colloidal  copper  and  copper  sulphate  in  the  purification  of  drinking 
water  are  in  a  quantitative  sense  much  like  those  of  filtration,  only  the  organisms 
are  completely  destroyed. 

3.  Pending  the  introduction  of  the  copper  treatment  of  water  on  a  large  scale  the 
householder  may  avail  himself  of  a  method  for  the  purification  of  drinking  water  by 
the  use  of  strips  of  copper  foil  about  Si  inches  square  to  each  quart  of  water,  tbia 
being  allowed  to  stand  over  night,  or  from  six  to  eight  hours,  at  the  ordinary  tem- 
perature, aud  then  the  water  drawn  off  or  the  copper  foil  removed. 

Doctor  Pennington,  of  Philadelphia,  has  reported"  results  of  the 
board  of  health  laboratory,  showing  complete  sterilization  of  infected 
tap  water  within  fifteen  minutes  by  means  of  copper  foil. 

Rideal  and  Baines*  have  carried  on  some  experiments  concerning 
the  germicidal  effect  of  copper.  Evidently  they  added  too  lauch  of 
the  culture  to  be  tested  to  the  treated  water.  The  high  concentra- 
tions required  according  to  their  tables  to  produce  complete  sterility 
can  be  explained  only  by  the  presence  of  considerable  amounts  of 
albuminoid  matter,  and  under  these  circumstances  the  condition  is 
comparable  to  sterilizing  sewage  rather  than  sterilizing  drinking  water. 

oAt  a  meeting  of  the  Washington  Academy  of  Sciences,  January,  1905. 

AS.  Rideal  and  E.  Baines.  The  Suggested  Use  of  Copper  Drinking  Vessels  as  a 
Prophylactic  against  Waterbome  Typhoid.  Journal  of  the  Sanitary  Institute, 
XXV,  190*. 
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Their  experiments  with  metallic  copper,  though  too  few  to  be  them- 
selves at  all  conclusive,  are  entirely  in  accord  with  the  results  of  the 
laboratory  of  Plant  Physiology  as  formerly  published. 

OOPPBS  IN  THB  DISPOSAI.  OF  SEWAGE. 

In  connection  with  the  sterilization  of  wat«r  by  means  of  copper 
the  possibility  of  using  this  metal  in  the  sanitary  disposal  of  sewage 
should  be  mentioned.  This  is  well  described  by  Rideal,"  from  whom 
we  quote: 

The  soluble  salts  of  copper  have  a  distinctly  poisonous  action  on  bacteria.  They 
coagulate  albumen  and  combine  with  most  of  the  organic  acids  present  to  form  noD- 
putreecible  salts.  They  abeorb  sulphureted  hydrogen,  ammonia,  and  compound 
ammonias,  and  therefore  combine  with  "ptomoinea."  In  fact,  copper  salts  rank 
nest  to  mercury  in  power  as  onUseptics. 

Kroncke*  contended  that,  for  sewage  treatment,  compounds  having  a  great  affinity 
for  sulphur  should  yield  the  best  results.  He  hax  experimented  with  cuprous  chlo- 
ride as  being  a  salt  which  fulfills  this  condition,  is  readily  prepared,  very  easily 
removed  from  solutione,  and  becomes  much  lesa  poisonous  when  oxidized.  He  used 
the  following  method  for  the  purification  of  water:  Cuprous  chlorid  amounting  to 
one  twenty- thousandth  of  the  liquid  to  be  treated,  and  ferrous  sulphate  (as  far  as  possi- 
ble free  from  ferric]  to  the  extent  of  one  flf  ty-thonsandth,  are  mixed  with  the  water. 
After  six  hours  one  one  hundred -thousandth  part  of  lime  is  added,  and  agitated  for 
one  hour.  After  settling  for  one  and  a  half  hours,  and  filtration  throngh  sand,  the 
water,  which  originally  contained  40,000  to  50,000  organisms  per  cubic  centimeter, 
was  found  to  be  completely  sterilized,  cle&r,  almost  colorless,  and  free  from  iron  and 
copper.  The  sand  filter  can  be  used  a  long  time  without  cleansing.  Schumburg  ' 
reports  tliat  a  water  treated  with  cuprons  chlorid  solution  and  then  with  lime  was 
free  from  germs  after  aii  houra. 

COPFSB  STTPFLEKENTINO  THE  USE  OF  FILTEBS. 

It  appears  from  the  examination  of  a  considerable  number  of  filters 
in  this  country  that  the  officials  in  charge  of  municipal  waterworks 
are  not  justilied  in  assuming  that  filtration  is  the  absolute  guarantee 
against  a  disease-laden  water  that  it  is  popularly  supposed  to  be. 
The  number  of  unavoidable  accidents  which  are  known  to  occur  in 
properly  managed  filters,  to  say  nothing  of  the  willful  and  some- 
times criminal  methods  resorted  to  in  order  to  bring  the  supply  of 
vrater  up  to  the  daily  demand,  are  factors  which  are  not  generally 
considered  by  the  public.  The  mere  fact  that  filters  are  installed 
seems  to  warrant  neglect  of  the  source  of  the  water,  and  as  a  mistake 
or  an  accident  usually  can  not  be  detected  by  the  public  until  the 
death  rate  increases  markedly,  filtration  as  administered  in  a  consid- 
erable number  of  cases  has  resulted  in  a  condition  more  dangerous 

oRideal.     Dinnfection  and  the  Preservation  of  Food,  New  York,  1903;  pp.  156, 157. 
*Jo«r.  fur  Gasbeleucht,  XXXVI,  513. 
cChem.  Centr.,  ISOO,  II,  203. 
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than  if  no  filter  existed.  The  sooner  that  it  becomes  generally  known 
that  any  sort  of  filtration  is  a  most  delicate  process,  depending  upon 
skilled  manipulation  for  maximum  efficiency,  the  better  it  will  be  both 
for  filtration  and  the  consumer  of  water.  That  it  in  not  an  unheard 
of  practice  to  force  considerably  larger  quEintities  of  water  through  a 
sand  filter  than  it  can  possibly  free  from  disease  germs  (even  resort- 
ing to  spading  oyer  the  sand  to  hasten  the  flow)  ought  to  be  understood 
by  all  those  using  such  water.  The  direct  pumping  of  polluted  river 
water  into  the  filtered  water  for  the  purpose  of  making  up  the  dsily 
supply  has  been  resorted  to,  and  the  occurrence  of  breaks  in  storage 
basins,  conduits,  etc.,  has  more  than  once  afforded  opportunities  for 
the  dangerous  contamination  of  the  filtered  water. 

At  the  present  time  the  only  known  method  of  immediately  render- 
ing a  contaminated  water  supply  safe  and  keeping  it  so  until  the  source 
of  pollution  is  removed  seems  to  be  the  use  of  copper.  This  treatment 
is  not  designed  to  supplant  efficient  filtration,  however,  and  should 
never  be  expected  to  take  its  place.  The  use  of  copper  for  removing  a 
temporary  contamination  is  necessarily  a  remedy  and  should  be  used  as 
such.  As  much  care  is  demanded  of  the  sanitary  engineer  or  biologist 
in  determining  the  necessity  for  treatment  and  the  proper  quantity  to 
be  used  as  is  demanded  of  a  doctor  in  determining  the  dose  for  a  sick 
person.  A  pore  water  should  not  be  treated,  just  as  a  well  person 
should  not  take  medicine. 

The  existing  methods  of  sewage  disposal  and  water  purification  are 
particularly  unfortunate.  To  deliberately  contaminate  a  water  and 
then  try  to  purify  it  seems  ridiculous,  yet  this  is  precisely  what  is 
now  being  done  in  a  number  of  communities.  The  ultimate  solution 
of  the  problem  of  water  supply  must  depend  upon  proper  sewage 
disposal  as  well  as  the  proper  care  and  policing  of  the  watersheds 
and  wells.  Until  this  revolution  of  methods  shall  have  taken  place, 
the  makeshifts — filtration,  and  treating  with  copper— are  the  only 
remedies  applicable  on  a  large  scale. 

OOPPBB  TBBATMUNT  AND  FrnTRATIOlT  AT  AHSEBSON,  HOI. 

By  the  invitation  of  Mr.  C.  Arthur  Brown,  sanitary  engineer  of  the 
American  Steel  and  Wire  Company,  acting  at  the  time  as  the  repre- 
sentative of  the  Jewel  Filtration  Company',  and  through  the  courtesy 
of  the  officials  of  Anderson,  Ind.,  the  Laboratory  of  Plant  Physiology 
was  enabled  to  undertake  a  series  of  experiments  upon  the  effect  of 
copper  treatment  of  water  in  connection  with  mechanical  filtration. 
The  filter  plant  had  been  recently  completed,  and  these  experiments 
were  carried  on  at  the  time  of  the  preliminary  testing  of  the  efficiency 
of  the  filters,"    The  water  supply  at  Anderson,  Ind.,  offei'ed  excep- 

"ProfeeeorBurrase,  professor  of  Banit&ryHcienceat  PardneUnivereity,  was  retained 
by  the  city  ot  Anderson  aa  ite  representative.  Ha  well  as  Dr.  S.  C,  Korria,  city  chemiFit 
and  bocteriolof^st.    Mr.  Brown  acted  as  the  representative  of  the  filtration  company. 
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tional  opportunities  for  demonstratinf;  the  efficiency  of  copper  in 
removing  intestinal  bacteriu.  The  water  is  drawn  from  the  White 
River,  into  which  the  city  of  Muncie  empties  it.8  entire  sewage. 
There  are  no  falls  or  rapids  in  the  '25  miles  separating  these  two 
cities,  and  during  the  entire  four  weeks  of  the  test  conducted  on  the 
use  of  copper  in  connection  with  filtration  the  river  was  icebound, 
making  a  closed  conduit  for  the  diluted  sewage  from  Muncie  and  the 
smaller  towns  still  farther  up  the  river.  The  water  was  very  high  in 
albuminoid  and  free  ammonia,  and  exceptionally  high  in  chlorin,  due 
to  the  salt  water  from  the  gas  field  above  Muncie.  The  turbidity  was 
very  low  and  the  color  slight.  Fortunately  for  the  thorough  testing 
of  the  value  of  copper,  the  filters,  owing  to  some  structural  defects, 
were  unable  to  effect  a  high  percentage  reduction  of  bacteria  at  this 
time.  The  number  of  bacteria  in  the  river  ranged  from  13,000  to 
155,000  per  cubic  <)entimeter  at  irregular  intervals  during  the  four 
weeks'  test,  usually  remaining  above  50,000.  The  number  of  bacteria 
in  the  filtered  water  varied  between  15,000  and  400  per  cubic  centi- 
meter, usually  remaining  above  3,000. 

For  ten  days,  February  2-11, 190i,  alum  was  used  as  a  coagulant,  but 
for  water  of  this  character  it  seemed  impossible  to  get  a  proper  coagu- 
lation with  1,  2,  or  3  grains  of  alum  per  gallon,  either  with  or  without 
the  addition  of  lime.  BaciUiis  coll  was  always  present  in  the  river 
water  and  usually  in  the  filtered  water,  and  was  identified  by  gas  forma- 
tion, reduction  of  neutral  red,  proportion  of  carbon  dioxid,  growth 
on  milk,  potato,  gelatin,  litmus  agar,  and  formation  of  indol.  On 
February  11,  instead  of  aluminum  sulphate,  iron  sulphate  containing 
1  per  cent  of  copper  sulphate  was  introduced  in  quantities  of  li  grains 
per  gallon  of  water,"  Lime  was  added,  2  grains  per  gallon.  The  treat- 
ment was  continued  four  days,  and  during  that  time  only  once  was  there 
any  indication  of  the  presence  of  B.  coll  in  fermentation  tubes  inocu- 
lated with  1  c.  c.  samples  of  filtered  water,  and  this  occurred  immedi- 
ately after  a  leak  developed  in  the  air  pipe  of  the  washing  system  that 
allowed  unfiltered  water  to  pass  into  the  pipes.  On  the  15th  of  Febru- 
ary, the  amount  of  iron  sulphate  containing  1  per  cent  of  copper  sul- 
phate was  raised  to  4^  grains  per  gallon.  This  quantity  was  found  to 
be  too  great,  and  at  midnight  the  amount  of  the  coagulant  was  reduced 
to  2i  grains.*  The  valve  controlling  the  iron  solution  caught  on  this 
change  and  for  nearly  an  hour  no  iron  or  copper  was  applied  to  the  raw 
water.  This  allowed  polluted  water  to  reach  the  clear  well,  and  at  the 
next  washing  the  filters  were  again  contaminated,  and  samples  from 
two  of  them  developed  typical  Bacillus  coll.    The  following  five  days 


"0.016  grun  copper  Bulphate  per  gallon — approiimalely  1  part  of  copper  gulphat« 
to  4,000,000  parts  of  water. 

0  0.022&  grain  copper  sulptiate  per  gallon—approximately  1  part  of  copper  sulphate 
to  2,500,000  parts  of  water. 
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B.  coli  developed  but  once,  and  this  was  immediately  following  the 
reappearance  of  the  leak  in  the  air  pipe. 

Iron  sulphate  containing  one-half  per  cent  copper  sulpbate  was  now 
applied  at  the  rate  of  1.5  grains"  per  gallon;  SaciUus  coli  was  elimi- 
nated during  the  two  days  that  this  mixture  was  used.  Iron  sulphate 
containing  only  one- fourth  per  cent  copper  sulphate  ^  was  substituted 
during  one  day.  This  amount  was  insufficient  to  eradicate  completely 
the  B.  coli,  and  two  of  the  filter  samples  contained  this  organism. 

Pure  iron  sulphate  was  then  used  at  the  rat«  of  3  grains  per  gallon, 
and  Bacillus  coli  developed  from  samples  of  each  filter.  Iron  sulphate 
containing  1  per  cent  copper  sulphate  was  substituted  for  the  greater 
part  of  the  pure  iron  salt,  and  in  the  following  samples  no  B.  coli 
developed  in  the  filtered  water. 

From  the  preceding  experiments  therfe  seems  to  be  no  doubt  that 
the  filtering  of  polluted  water  of  this  character  through  the  layer  of 
coagulum  of  iron  and  copper  which  forms  on  the  filter  bed  brings  the 
bacteria  borne  in  the  water  into  contact  with  the  precipitated  copper 
for  a  sufficient  length  of  time  to  destroy  Bacillua  coli,  and  as  Bacilliis 
tffphi  is  still  more  sensitive  to  the  action  of  copper  it  too  must  neces- 
sarily be  removed  from  the  filtered  water. 

The  last  samples  of  the  test  have  been  omitted  from  previoiis  dis- 
cussion, as  the  point  illustrated  by  them  is  of  an  entirely  separate 
character.  Shortly  before  these  samples  were  taken,  ten  gallons  of  a 
bouillon  culture  of  Bacillvs  prodigioius  were  introduced  into  the  feed 
pipe  of  the  filters,  and  the  following  and  last  samples  all  showed 
BacUlue  coli  present.  This  emphasizes  the  fact  brought  out  in  a  for- 
mer bulletin'  that  the  toxicity  of  copper  sulphate  is  greatly  reduced 
if  the  amount  of  organic  and  albuminoid  matter  is  greatly  increased. 
A  proper  comprehension  of  the  (.constitution  of  a  water  is  therefore 
necessary  for  successfully  treating  to  remove  bacteria,  just  as  it  is 
desirable  for  treating  to  remove  algas. 

It  should  be  reiterated  that  the  results  of  investigators  with  refer- 
ence to  the  germicidal  action  of  copper  in  bouillon,  milk,  or  solid 
media  are  not  comparable  to  results  upon  the  toxic  action  of  copper 
in  water  of  ordinary  purity.  Nor  can  results  obtained  with  unknown 
organisms,  nor  results  obteined  with  Bacillua  anthracis,  BaciUiu 
tetanu8^  and  such  spoie-forming  resistant  bacteria  be  compared  with 
results  obtained  with  Bacillvs  typhi  and  Microspira  comma. 

One  of  the  objections  to  the  use  of  copper  sulphate  in  water  sup- 
plies has  been  that  there  was  a  chance  of  appreciable  amounts  of 

«0.0076  gnun  copper  eulpbate  per  gallon— approximately  1  port  of  copper  BolphRte 
to  8,000,000  parte  of  water. 

60.00375  grain  copper  sulpbate  per  gallon— approximately  1  part  of  copper  sulphate 
to  15,000,000  ports  of  water. 

'Bulletin  No.  64,  Bureau  of  Plant  Indnetry,  p.  29. 


idbyGoOglc 


TREATMENT   AND   FILTRATION   AT   ANDEBSON,    IND. 


47 


copper  reaching  the  coosumer.  CoDsidering  the  harmlessness  of 
copper,  thifl  is  a  theoretical  rather  than  a  practical  objection,  and  is 
answered  in  the  present  instance.  The  copper  is  all  precipitated  and 
the  insoluble  coagulum  of  iron  and  copper  is  caught  upon  the  filters. 
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OBJECTIONS  TO  TBS  VSB  OF  COFFEB  SUIiFHATB. 

During  the  past  year  several  articles  have  appeared,  some  of  a  more 
or  leas  alarmist  nature,  containing  adverse  criticism  of  the  copper  sul- 
phate method  of  treating  reservoirs.  Id  some  instances  the  eflSciency 
of  the  method  is  questioned;  in  others,  objection  has  apparently  orig- 
inated in  the  prejudice  which  obtains  in  some  quarters,  due  to  the 
supposed  ill  effects  upon  the  human  system  of  the  absorption  of  small 
quantities  of  copper. 

In  view  of  the  year's  experience  in  practical  applications  of  the 
treatment,  nothing  need  be  said  further  in  behalf  of  its  efficiency. 

The  exiat«nce  of  conditions  which  might  make  treatment  with  cop- 
pei'  undesirable  is  not  overlooked,  but,  so  far  as  is  known,  these  are 
peculiar  to  certain  localities  and  of  a  nature  which  presents  difficulty 
from  the  engineering  rather  than  the  hygienic  standpoint. 

The  appearance  of  resistant  forms  after  the  removal  of  the  pollut- 
ing organism  by  means  of  dilute  solutions  of  copper  sulphate  has  been 
mentioned  by  engineers  as  possibly  producing  a  worse  condition  than 
that  previously  existing  in  the  water.  Certainly  such  an  objection 
would  have  been  worthy  of  careful  consideration  had  it  been  raised 
before  an  opportunity  had  occurred  to  test  the  efficiency  of  copper 
sulphate  as  an  algicide.  Experience  with  all  water  supplies  treated, 
however,  proves  that  such  a  difficulty  is  not  to  be  feared  and  that  the 
destruction  of  the  algaj  is  so  rapid  as  to  prevent  the  evolution  of  simi- 
larly contaminating  forms  resistant  to  copper. 

The  case  which  has  been  under  observation  for  the  longest  time  is 
that  at  Ben,  Va.,  where,  in  January,  1902,  cress  beds  were  treated  for 
the  eradication  of  Spirogyra.  '  Conditions  were  such  as  to  be  unusually 
favorable  for  the  development  of  the  algee,  and  certainly  if  a  form 
resistant  to  copper  could  be  produced  under  natural  conditions  it 
would  have  appeared  here.  After  the  first  treatment  was  made 
several  subsequent  applications  of  copper  in  diminishing  quantities 
were  resorted  to,  hut  the  alga.',  instead  of  being  more  difficult  to 
eradicate,  were  easier  and  easier  to  kill,  and  in  a  recent  letter  Mr. 
Moomaw,  proprietor  of  the  cress  beds,  states  that  the  algse  have  been 
completely  destroyed  and  no  other  form  has  appeared. 


In  a  few  instances  objection  has  been  made  to  the  use  of  copper  sul- 
phate, even  in  the  minute  quantities  shown  to  be  efficient  for  the  pur- 
pose of  sterilizing  water.  Some  authors  have  held  that  anything 
which  would  destroy  algte  and  bacteria  would  likewise  kill  man,"  while 
others  have  maintained  that  nothing  is  known  of  the  effect  of  the 


"Mediial  Bulletin,  Ut^tober,  1904. 
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infinitesimal  dose  which  might  be  administered.''  The  opinions  of 
eminent  toxicologists  seem  fully  to  answer  both  the  violent  objections 
and  the  conservative  doubts  as  to  the  possible  injurious  effect  upon 
the  human  uystem  of  copper  thus  used. 

The  literature  relating  to  the  harmlessness  of  copper  is  so  volumi- 
nous as  to  make  it  impossible  even  to  refer  to  most  of  it,  but  a  few  of 
the  more  recent  articles  upon  the  subject  are  quoted  in  order  that  the 
authoritict)  who  may  desire  to  improve  the  character  of  the  water 
supply  under  their  control  may  have  the  benefit  of  the  experiments  of 
those  who  have  investigated  the  effect  of  this  metal  upon  man  and 
other  animals. 

Dr.  Henry  Kraemer,  in  an  article  in  the  American  Journal  of  Phar- 
macy, December,  1904,  wrote  as  follows: 

The  toxic  influence  of  even  very  minute  quantities  of  colloidal  copper  and  of 
copper  sulphate  on  certain  micro-organisms  having  Iteen  pretty  well  established,  the 
only  other  qnestion  of  importance  that  arises  in  connection  with  their  use  for  the 
purification  of  water  supplies  containmg  pathogenic  organisms  an<l  alg«  is  the  one 
as  to  their  effects  on  man.  Inasmuch  as  this  phase  of  the  question  is  dependent 
upon  pbyeicians  and  pbannacologista  for  its  elucidation,  the  editor  of  this  journal 
baa  asked  several  members  of  the  medical  profession  to  discuss  it. 

It  is  to  the  credit  of  the  medical  profession  that  while  some  of  those  asked  to  cou- 
tribnte  to  this  discnBsion  have  more  or  less  positive  convictions  on  the  subject, 
Others  tiave  been  frank  to  say  that  their  ottservations  and  experience  in  this  line  of 
investigation  have  not  been  sufficient  to  warrant  them  in  giving  an  opinion  at  this 
time.  One  pharmacologist  writes:  ''As  I  understand  the  purification  method,  the 
qnanUtiee  of  copper  remaining  in  solution  are  so  eictremely  small  that  they  would 
scarcely  be  harmful." 

Another  eminent  pharmacologist  writes  that  when  he  was  consulted  by  a  city 
officiBi  to  give  an  opinion  as  to  whether  1  part  of  copper  in  1,000,000  parts  of  water 
would  be  harmful,  he  replied  that,  "Assuming  for  purposes  of  argument  that  the 
copper  remains  in  solution  and  is  not  deposited  or  rendered  insoluble,  thie  small 
quantity  could  not  be  harmful  to  our  citizens,  even  if  they  drank  such  water  for  a 
few  days,  since  our  ordinary  food,  as  bread,  meat,  etc.,  all  contain  from  2  to  3  parts 
in  the  million.    8ome  tissues,  like  the  liver,  contain  as  high  as  30  parts  in  the 

Up  to  the  time  of  going  to  press  replies  were  also  received  from  Doctor  Hare,  pro- 
(eseor  of  materia  medica  and  therapeutics  in  the  Jefferaon  Medical  Collate,  and  from 
Doctor  Holland,  dean  and  professor  of  medical  chemistry  and  toxicology  in  Jefferson 
Medical  CoU^e.     Their  replies  are  as  follows: 

My  Dkab  Propkssob  Kkakmkb;  In  reply  to  your  note  let  me  slate  that  small  doses 
of  copper  exercise,  so  far  as  is  known,  a  stimulant  effect  upon  nutritional  processes. 
1  do  not  think  that  we  have  any  information  in  regard  to  the  infinitesimal  quantities 
which  are  present  in  water  when  treated  by  the  copper  method,  but  it  is  incredible 
that  they  could  exercise  any  deleterious  influence.  Certainly  the  improbable  dele- 
terious influence  of  infinitesimal  quantities  of  copper  when  compared  to  the  certain 
evil  influence  of  micro-organisms  amounts  to  nothing. 
Very  truly  yours, 

H.  A.  Habb. 

Fhiladblphia,  November  J4,  1904. 

"American  Medicine,  November  12,  1904. 
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Mr.  Hbnbv  Keaemrr, 

Editor  of  American  Journal  of  Pharmacy. 

Deab  Sir;  In  thU  paper  on  purification  of  water  by  copper  I  think  that  Doctor 

Moore  shows  couclueively  that  wal^r  suppHea  can  be  freed  of  pathogenic  bacteria  and 

a^^  promptly,  cheaply,  and  efficiently  by  that  means.     The  question  remaining  to 

be  answered  la,  Can  this  purification  be  done  with  entire  safety  to  those  drinking  the 

Uatil  comparatively  recent  times  it  has  been  thought  that  the  alow  introduction 
of  minute  doses  of  copper  was  injurious  to  the  tissues  by  causing  Guch  pathological 
changes  as  are  known  to  be  due  to  certain  other  metallic  poisons,  such  as  lead,  arsenic, 
and  mercury.  But  Bematzic  has  proven  that  to  produce  toxic  phenomena  with  cop- 
per salts  it  must  be  given  freely  and  intentionally,  and  even  then  the  subject  spon- 
taneously recovera  when  the  administration  ceases.  When  a  student  of  medicine 
I  was  made  aware  of  the  harmleffiness  of  copper  sulphate  in  small  doees.  Quinine 
was  very  expensive  then,  and  in  the  dispensary  practice  of  a  malarious  region 
some  cheaper  substitute  was  needed.  Hundreds  of  cases  were  b«ated  with  a  combi- 
nation of  the  Bulphates  of  cinchonine,  iron,  and  copper.  About  one-eighth  of  a  grain 
of  sulph8t«  of  copper  was  given  several  times  daily  in  this  routine  prescription  for  a 
tonic  and  antiperiodic. 

I  do  not  remember  that  any  untoward  symptoms  developed,  though  they  were  not 
unexpected,  as  the  books  then  taught  that  copper  salts  were  irritants.  So  they  are, 
but  only  in  doees  much  larger  than  one-eighth  of  a  grain.  We  saw  no  cumnlative 
effects.  Lehmann  and  his  pupils  found  that  a  man  could  take  1  to  2  grains  of  cop- 
per as  sulphate  and  acetate  daily  in  peas  and  beans  divided  info  two  meals  without 
effect. 

The  highest  sanitary  authorities  appointed  to  investigate  this  matter  have  reported 
that  "copper  in  the  amounts  found  in  canned  goods  is  not  capable  of  injory  to 
health." 

Metallic  copper  is  not  a  poison.  Surgeons  have  used  copper  wire  for  suttiring 
wounds  without  noticing  local  irritation;  children  swallow  copper  pennies  daily 
without  injury  to  the  digestive  tract.  As  copper  is  present  in  almost  all  out  food  it 
is  not  surprising  to  leam  that  each  of  us  takes  daily  about  one  milligram  of  copper, 
and  that  it  is  found  regularly  in  our  tissues.  I  see  no  reason  to  fear  copper  ii  the 
amounts  never  exceed  the  small  proportion  stated  by  Doctor  Moore  as  entirely  ade- 
quate for  the  purification  of  water  supplies. 

J.  W.  Holland. 

Philadblphia,  November  IS,  1904- 

Dr.  A.  R.  Cushney,  in  his  Treatise  on  Ptmrmacology  and  Thera- 
peutics," writes: 

Small  quantities  of  copper  may  be  taken  for  indefinite  periods  without  any  symp- 
toms being  induced,  so  that  so  far  as  man  is  concerned  the  general  action  of  copper 
is  unknown.  *  *  *  On  the  other  hand,  copper  is  a  deadly  poison  to  several  of 
the  lower  plants.  Thus,  traces  of  copper  added  to  the  water  in  which  they  live, 
destroy  some  of  the  umpler  algee,  and  Naegeli  asserts  that  1  part  of  copper  in 
1,000,000,000  parts  of  water  is  sufficient  to  kill  these  plants.  »  *  ■  Locke  loond 
that  the  traces  of  copper  contained  in  water  distilled  in  copper  vessels  were  sufficient 
to  destroy  Tubifex  (one  of  the  annelid  worms)  and  tadpoles,  while  Bucholtz  states 
that  the  development  of  bacteria  is  stopped  by  a  solution  of  copper  sulphate  under  1 
per  cent  in  strength.  Copper  thus  seems  to  have  a  very  powerful  poisonous  action 
on  certain  livii^  forms  and  to  be  harmless  to  others,  and  the  subject  deserves  further 
investigation.  It  is  possible  that  it  may  prove  to  act  prejudicially  to  some  human 
parasites,  and  it  is  certunly  less  dangerous  to  man  than  many  other  remedies  osed  as 
paianticides  and  disinfectants. 

oPhaimacologyandTherapeutics,  New  York,  18fiB,p.M».  | 
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Dr.  R.  A.  Wittbaus"  has  published  a  similar  opinion: 
The  opinion,  formerly  univenml  among  toxicolopsts,  that  all  the  oomponnde  of  cop- 
per are  poisonous  has  been  much  modified  by  later  reeearchefl.  CertaiD  of  the  copper 
compounds,  anch  as  snlphate,  having  a  tendency  to  combine  with  protein  and  other 
uiimal  antwtancee,  produce  Bymptoma  of  irritation  by  their  direct  local  action  when 
brooght  in  contact  with  the  gastric  or  intestinal  mucoos  membrane.  One  of  the 
characteristic  symptoms  of  such  irritation  is  the  vomiting  of  a  greenish  matter,  which 
develops  a  blue  color  upon  the  addition  of  NH,HO. 

Gasee  are  not  wanting  in  which  severe  illnese,  and  even  death,  hB«  followed  the 
use  of  food  which  has  been  in  contact  with  imperfectly  tinned  copper  vessels.  Cases 
In  which  nervous  and  other  symptoniB  referable  to  a  truly  poisonous  action  have 
occurred.  As,  however,  it  has  also  been  shown  that  nonirritant,  pure  copper  com- 
pounds may  be  taken  in  considerable  doses  with  impunity,  it  appears  at  least  prob- 
able that  the  poisonous  action  attributed  to  copper  is  due  to  other  substances.  The 
tjn  and  Bolder  ueed  in  the  manufacture  of  copper  utensils  contain  lead,  and  in  some 
cases  o(  so-called  copper  poiBoning  the  symptoms  have  been  euch  as  are  as  consistent 
with  lead  poisoning  as  with  copper  poisoning.  Copper  is  also  notoriously  liable  to 
contamination  with  arsenic,  and  it  is  by  no  means  improbable  that  compouudB  of 
that  element  are  the  active  poisonous  agents  in  some  cases  of  supposed  copper  intox- 
ication. Nor  is  it  improbable  that  articles  of  food  allowed  to  remain  exposed  to  air 
in  copper  veseela  should  undergo  those  peculiar  changes  which  result  in  the  formation 
of  poisonous  Bubetancee,  such  as  the  sausage  or  cheese  poisons,  or  the  ptomaines. 

HEDIODTAL  VBB  OF  OOPFBB. 

The  probable  medical  vatue  of  copper  in  treating  typhoid  and  related 
diseases  was  suggested  in  the  former  bulletin.  Salts  of  this  metal  have 
been  used  for  many  years  in  treating  dysentery,  and  in  one  instance  at 
least  diphtheria  has  been  treated  with  copper  sulphate  with  remarkable 


The  use  of  copper  in  treating  typhoid  fever  was  reported  upon  by  Dr. 
Lucien  F.  Salomon,  of  New  Orleans.^  We  quote  from  recent  letters 
from  Doctor  Salomon,  as  follows: 

Two  years  ago  I  pnblished  the  results  of  my  experience  claiming  to  cure  typhoid 
fever  with  the  araenite  of  copper.  Subsequent  experience  in  its  use  confirms  the 
claim  then  made.  I  use  the  word  "cure"  because  within  seventy-two  hours  after 
beginning  its  administration  in  a  given  case,  what  was  a  severe  case  of  typhoid 
ttecomes  converted  into  a  simple  benign  fever,  and  the  patieat  recovers  in  ten  or 
twelve  days.     (May  ID,  1904. ) 

I  have  clinical  records  of  a  number  of  cases  treated  with  aisenlte  of  copper  since 
tbe  publication  of  my  article,  all  of  which  show  the  same  good  result  (June  11, 
1904.) 

As  has  been  shown  in  Bulletin  No.  64  of  the  Bureau  of  Plant  Indus- 
try, the  toxic  effect  of  copper  upon  cholera  germs  is  even  greater  than 
niton  typhoid  bacilli. 

The  following  acconnt  of  some  practical  experience  with  the  effect 
of  copper  upon  cholera  bears  out  this  laboratory's  experiments,  and 

«The  Medical  Students'  Manual  of  Chemistry,  New  York,  1902,  p.  207. 
'The  published  article  appeared  in  the  New  Orleans  Medical  and  Surgical  Journal 
for  Jtme,  1902. 
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there  are  numerous  instances  in  this  country  where  the  beneficial  effect 
of  some  form  of  copper  upon  cholera  epidemics  has  been  observed: 

Dr.  Arthur  de  No6  Walker,  in  a  pamphlet  entitled  "The  Prophy- 
lactic Power  of  Copper  in  Epidemic  Cholera"  (London,  1888"),  wrote 
as  follows: 

When  the  following  facta  receive  the  attention  they  deserve  Asiatic  cholem  will 
ceaae  to  deatroy  mankind. 

In  tlm  year  1649,  and  again  in  1851,  TuscsDy  was  ravaged  by  a  severe  epidemic  of 
Asiatic  cholera,  and  for  the  eixth  time  I  had  every  opportunity  of  obeerving  and 
studying  this,  perhaps,  the  most  fatal  diaease  of  modem  times.  While  noting  down 
some  of  the  observations  published  by  Professor  Betti  on  both  epidemics,  the  follow- 
ing paragraphs  were  particnlarly  remarked  and  transcribed: 

I  believe  I  ought  not  to  conclude  the  history  of  the  epidemic  ot  Aitatic  cholera  that  afflicted  the 
city  of  Piato  and  the  adjacenl  cotuilrj'  without  nying  a  lev  woida  a.baul  a  poitlcalar  tndiutiy  car- 
ried on  In  the  vicinity  ot  that  city,  and  ntate  the  cllecta  of  the  same  on  the  workmen. 

II  is  well  known  that  In  the  valley  o(  the  Bisenilo,  distant  only  4  mllee  from  Prato.  and  precisely 
at  H  place  railed  Ia  Briglia,  are  IhefumBces  where  the  copper  ore  excavated  from  Mount  Romboll 
Is  smelted.  With  the  object  ol  bringing  to  light  the  Influence  that  procG«  might  have  on  the  dl>- 
eaae,  t  deemed  tt  opportune  to  Institute  certain  special  ItivefitlgaCions.  and  having  Interested  the 
government  aulhoritlea  on  the  subject,  the  following  intelligence  was  obtained; 

The  workmen  engaged  at  the  smelllog  fumaces  at  La  Briglla.  In  the  valley  of  the  Blsenzlo,  when 
the  epidemic  broke  out  in  Frato  and  In  the  adjacent  country,  were  6&.  which  number,  added  to  the 
individuals  composltig  their  respective  families  living  within  a  radius  o[  about  S  miles  Irom  the 
furnaces,  made  up  a  total  of  IS*  souls. 

Among  all  those  individuals,  not  only  no  Case  ol  real  Aalatlc  cholera,  but  not  even  a  sporadic  case, 
nor  a  case  of  cholerine,  occurred. 

I  was,  moreover,  aanired  that  not  one  of  them  was  aSectcd  by  even  the  slight  gastric  and  Intestinal 
dlnturbanve  so  common  In  those  living  In  localities  attacked  by  the  deadly  malady,  alLbough  they— 
the  workmen  and  their  lamlllea— live  in  damp  sltnatlODB  along  the  BlaenalBii  loirent.  Their  diet  is 
that  of  all  ordinary  laborers. 

The  value  of  this  fact  was,  in  my  estimation,  at  once  doubled  by  another,  noted 
by  Professor  Betti.  He  states  that  the  disease  attacked,  and  in  every  instance  proved 
fatal,  to  many  living  in  the  valley  of  the  Bisenzio  and  in  the  neighborhood  of  the 
smelters'  families,  but  that  those  so  attacketl  and  euccnmbed  had,  directly  or  indi- 
rectly, nothing  whatever  to  do  with  the  furnaces  nor  with  any  of  the  workmen 
employed  in  smelting  the  ore. 

I  must  here  note,  on  evidence  I  have  myself  collected,  that  one  workman,  thor- 
oughly inquinated  and  having  his  person  and  garments  dusted  over  by  a  prophylac- 
tic agent,  consequent,  e.  g.,  on  a  sutBciently  long  attendance  at  a  smelling  furnace, 
becomes  an  efficient  means  or  vehicle  whereby  all  the  members  ot  his  household 
may  become  protected  by  that  same  agent.  This  was  assumed  the  moment  the 
professor's  observations  were  read.  Thus,  conversely,  an  accoucheur,  or  a  monthly 
nurse  that  hsa  attended  a  case  of  puerperal  fever,  fatal  or  not,  is  liable  to  affect  scores 
ot  other  women.  Some  contagia  frequently  are,  as  is  well  known,  conveyed  by  one 
healthy  individnal  to  many  others;  and  it  was  simply  inferred  that  if  conta^otiB 
matter  can  thus  pass  from  one  person  to  many,  it  was  not  at  least  unlikely  that  a 
prophylactic  agent  might  likewise  pass  from  one  member  to  others  of  the  same 

Observations  I  need  not  here  detail  have  proved  to  me  that  the  assumption  enter- 
tained when  Betti's  observation  was  read  is  now  no  longer  an  hypothesis.  <> 

Workmen  engaged  at  smelting  furnaces,  or  otherwise  employed  in  working  the 
metal,  become  thoroughly  impr^nated  with  the  ore,  which  adheres  all  over  the 

"Written  twenty  years  previously.    Published  with  a  few  additions  in  1883. 
K  "On  tlie  Effects  of  Copper  upon  the  System."     Proceedings  of  the  Clinical  Soci- 
ety of  London.    Vol.  3. 
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common  integoment.  An  appreciable  qnantity  may  be  easily  obtained  by  burning 
some  of  the  hair  of  men  conatantly  engaged  in  emelting  the  ore. 

After  reading  Profeesor  Betti'a  observadona  every  available  means  and  opportunity 
was  sought  with  the  object  of  ascertaining  whether  the  eame  immnnity  could  be 
verified  at  other  establishments  where  copper  was  worked  in  any  sort  of  way.  The 
result  proved  that  not  one  person  habitnally  ei^^aged  in  working  copper  had  hetai 
attacked  by  cholera,  not  even  among  those  whose  work  aimply  consisted  in  polishing 
the  metal. 

The  indefatigable  Frenchman,  Burq,  has  published  a  valuable  work  on  the  pre- 
ventive and  curative  action  of  copper  in  epidemic  cholera,  in  which  he  honestly  and 
courageonaly  quotes  Hahnemann,  proving  that  he  followed  in  the  steps  of  that 
extraordinary  genius.  But  Bnrq,  while  etill  a  medical  student  attending  lectures. 
Spared  no  expense,  no  pains,  no  trouble,  in  order  to  prove  this  most  important  fact- 
He  allowed  nothing  to  deter  or  to  disconrage  him— not  even  the  insults  of  the 
Academy  of  Science  and  Medicine  nor  the  slights  of  some  physicians  holding  impor- 
tant appointments  under  the  French  Government. 

"Oneday,"  he  says,  "some  private  business  led  me  to  visit  an  important  copper 
foundry  in  the  Rue  des  Gravilliers.  In  the  course  of  a  casual  conversation  with  one 
of  the  workmen  I  learned  that  they, as  well  as  all  theinhabitantsoFtheeetahlisbment, 
nambering  about  200,  had,  in  1S32,  and  again  in  1949,  been  exempt  from  cholera. 
The  fact  of  such  complete  immunity,  although  it  might  have  been  dne  to  a  mere 
fortuitous  exception,  greatly  surprised  me,  and  1  asked  myself  if  metals  might  not 
have  other  properties  especially  antagonistic  to  cholera  besides  those  I  had  discovered. 
Nevertheless,  1  soon  began  to  lose  sight  of  the  tact,  when  a  similar  observation,  with 
a  sort  of  pertinacious  tenacity,  again  presented  itself  to  my  notice,  and  notably  in 
connection  with  other  copper  foundries  situated  in  the  same  street,  where  from  400 
to  500  workmen  and  others  occupying  the  premises  had,  one  and  all,  been  absolutely 
free  from  the  disease.  This  strange  and  all-important  immunity  could  not,  I 
reflected,  be  due  to  the  healthiness  of  the  district  or  to  the  exceptionally  healthy 
Btate  of  the  houses,  all  of  which,  without  exception,  were  as  poor  as  those  generally 
selected  for  foundries  of  any  kind.  Neither  could  it  be  ascribed,  as  I  have  said,  to 
■  the  good  hygienic,  condition  of  the  inhabitsnta  generally  nor  to  the  exceptionally 
low  mortality  of  the  neighboring  habitations.  It  became,  therefore,  impossible  for 
US  to  look  upon  this  complete  immunity  simply  as  a  coincidence,  and  from  that 
moment  I  allowed  myself  no  rest  nor  respite  until  I  had  proven  without  a  shadow  of  a 
doubt  this  peculiar  property  of  copper— a  property  I  haci  hitherto  based  on  a  mer« 
supposition.  In  order  to  obtain  this  important  result,  as  I  said  in  1S.53, 1  gave  myself 
up  and  devoted  myself  to  pursue  a  vast  inquiry,  of  which  the  following  are  the  chief 
results: 

"In  Paris,  I  personally  visited  400  workshops,  and  other  places  where  metals  are 
worked;  from  the  most  modest,  where  four,  five,  or  ten  workmen  are  employed,  to 
extensive  establishments,  where  the  workmen  may  \ie  counted  by  hundreds,  as  may 
be  done  at  Messrs.  Call  &  Cave's  establlphment.  I  also  visited  the  iron  foimderies 
in  the  suburbs  of  Saint  Marceau  and  Saint  Jacques,  and  the  type  foundry  in  the 
Bue  Vangirard,  the  manufactories  of  Messrs.  Lagoutte,  Calls,  Goiiin,  and  Farcot. 
At  Chapelle  and  Saint  Ouen,  the  founderies  of  Messrs.  Call  &  Co.;  at  Ohaillot 
and  Grenelle;  and  the  manufactory  of  castors  in  copper  in  the  suburbs  of  Saint 
Antoine:  and,  finally,  all  the  workers  in  bronze  at  Marais.  I  then  put  myself  in 
communication  with  the  presidents,  treasurers,  and  secretaries  of  workmen's  unions, 
and  likewise  questioned  the  workmen  themselves  at  their  homes  or  lodgings.  Con- 
temporaneously, I  wrote  to  the  proprietors,  directors,  and  ph}^cians  of  our  chief 
manufactories,  forges,  wire  makers,  and  metal  heaters.  To  the  mayors  and  magis- 
trates of  towns  where,  as  at  I'Aigle  and  Villedieu,  the  inhabitants  are  almost  all 
occupied  in  workii^;  metals,  requesting  them  to  give  me  information  regarding  the 
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Gonrae  uid  progresB  the  epidemic  bad  taken  and  made  is  their  reepecUve  localidee. 
Not  satisfied  with  having  obtained  accurate  information  regarding  a  vaat  number  of 
persona,  I  commnnicated  with  the  English,  Swedish,  and  Russian  ambaaadore,  with 
ProfeBMrs  Huss,  of  Stockholm;  Montferrand,  of  St  Petersburg  (director  of  the 
Siberian  mines  belonging  to  Prince  Demidoff ),  who  afforded  me  information  respect- 
ing  no  leee  than  46,600  minora  of  both  sexes.  Finally,  I  obtained  information  from 
the  chief  and  most  extensive  mstallnrgic  eatabliBhmente  in  Europe,  the  cntlers  of 
SheEBeld,  the  copper  refinera  in  the  principality  of  Wales;  the  boiler  makers  of 
Birmingham;  themineeat  Phalen  of  Linkepening,  in  Sweden;  at  Stolberg,  at  Silecia, 
and  many  others.  And  it  was  aft£r  a  cumepondence  and  inquiries  of  every  kind, 
carried  on  Cor  a  period  of  five  months,  concerning  a  popalation  of  200,000  soais,  that 
we  believed  we  had  the  right  to  address  the  Academy  of  Medicine  and  Sciences,  in 
a  memoir,  concluding  as  follows: 

"I.  Complete  immunity  from  cholera  of  the  immense  majority  of  all  workmen 
whose  calling  necessitatas  their  being  habitually  in  contact  with  copper  dusL 

"  II.  Copper  and  its  alloys,  brass  and  bronie,  permanently  applied  to  large  sur- 
faces of  the  common  inU^ument,  are  a  most  precious  preventive,  which  ought  in  no 
wise  to  be  neglected  and  can  cause  no  inconvenience.  If  these  means  leave  some- 
thing to  be  desired  as  a  prophylactic,  it  will  probably  be  found  expedient  to  reduce 
the  metal  to  an  impalpable  powder  and  to  ingest  a  few  pinched. 

"  III.  In  the  treatment  of  cholera,  copper,  opportunely  administered,  whether  in 
copper  filing  alone  or  in  any  other  form  which  experience  shall  determine,  affords 
the  gr«ateet  probability  of  proving  in  the  bands  of  the  physician  a  powerful  means 
ot  cure." 

Doctor  Clapton  a  describes  the  "habitual  lassitude  and  giddiness"  of  some  of  the 
laborers  engaged  in  copper  works,  and  more  violent  symptoms  in  two  cases.  From 
his  description  all  the  laborers  were  evidently  saturated  with  salts  of  the  metal,  yet 
disagreeable  effects,  even  under  such  conditione,  are  undoubtedly  rare.  To  quote 
more  directly: 

"On  the  whole,  I  may  say  that  the  workmen  are  a  healthy  set  of  men.  They  do 
not  suffer  from  any  definite  diseases,  as  do  the  workers  in  lead,  arsenic,  and  mercury. 

"One  very  remarkable  circumstance  (uf  which  I  was  first  informed  last  year  by 
Benham  and  Fronde,  Chandos  street)  was  mentioned  at  each  of  the  works,  viz,  the 
abaolate  freedom  of  the  workmen  from  cholera  or  even  choleraic  diarrhea.  During 
each  of  the  great  cholera  outbreaks  there  were  terrible  ravages  in  one  or  other  of 
their  neigh borhuods,  but  not  one  of  these  men  was  in  the  slightest  d^ree  affected. 

"At  all  events,  the  immunity  of  this  class  of  men  from  cholera  is  a  remarkable  and 
positive  &ict.  I  have  for  a  long  time  made  many  inquiries  in  this  matter,  and  cSJi 
not  as  yet  learn  that  a  single  case  has  occurred  amongst  them. 

"It  seems  to  ine,  therefore,  that  in  seasons  of  cholera  some  form  of  taking  it  in 
small  quantities  as  a  prophylactic  might  be  devised  with  the  utmost  benefit — perhaps 
the  sulphate  of  copper;  it  is  not  in  any  way  injurious,  even  if  it  should  do  no  good. 
Doctor  Elliotaon  related  the  case  of  a  patient  who  bad  taken  sulphate  of  copper 
daily  for  three  years,  fur  a  particular  complaint,  without  its  having  produced  any 
constitutional  effect 

"How  b  it  that  the  effect  ot  copper,  even  when  inhaled  for  years,  is  comparaUvely 
BO  slight,  and  does  not  lead  on  to  any  special  diseases?  Probably,  as  1  think,  because 
the  eystem  can  tolerate  an  excess  of  what  is  a  natural  constituent,  however  minute 
in  quantity,  infinitely  better  than  it  can  the  introduction  of  what  is  entirety  foreign, 
such  as  lead,  arvenic,  and  mercury;  and  in  my  opinion  it  has  been  clearly  shown 
that  copper  is  a  natural  constituent" 

"Edward  Clapton,  Clinical  Society  of  London,  Tranaactiona,  8:7  (1870). 
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CONCLUSION. 


Experience  has  demonstrated  the  practical  value  of  copper  sulphate 
an  an  agent  for  the  purification  of  contaminated  water,  and  it  is 
believed  that  most  of  the  important  conditions  likely  to  obtain  have 
been  encountered  and  successfuUj  dealt  with.  Unsuspected  features 
may  arise,  however,  and  more  complete  information  on  the  influence 
of  the  chemical  constitution  and  temperature  of  the  water  and  on  the 
recurrence  of  poUatinj^  organisms  is  very  much  to  be  desired.  It  is 
therefore  urged  that  water  engineers,  sanitftry  engineers,  and  others 
who  may  be  interested  keep  accamte  records  of  treatments  made  and 
report  any  unusual  cases  that  may  present  themselves. 

SVTSKARY. 

During  the  summer  of  1904  over  50  reservoirs  were  successfully 
treated  for  the  removal  of  aigte.  From  these  results  and  from  further 
experiments  in  the  laboratory  and  elsewhere  the  following  facts  have 
been  developed: 

Much  less  copper  is  required  to  eradicate  algte  from  reservoirs  than 
would  be  necessary  to  destro\'  algee  under  laboratory  conditions. 

The  effect  of  this  metal  upon  fish  is  of  considerable  importance  and 
requires  more  study. 

The  physical  and  chemical  constitution  of  a  water  arc  factors  to  be 
considered  in  determining  the  quantity  of  copper  sulphate  to  use  in  a 
water  supply. 

The  elimination  of  polluting  forms  sometimes  makes  possible  the 
development  of  other  species,  but  so  far  these  species  have  never  been 
the  cause  of  complaint. 

As  a  result  of  the  sudden  destruction  of  great  numl)ers  of  polluting 
algse  for  a  few  days  immediately  after  treatment  of  a  water  supply 
there  is  sometimes  an  increase  in  odor  and  taste. 

The  use  of  copper  is  an  efficient  emei^ncy  method  for  sterilizing 
water  contaminated  with  the  bacillus  of  typhoid  fever. 

Metallic  copper  offers  a  convenient  and  efficient  means  of  sterilizing 
small  amounts  of  water. 

Copper  may  be  useful  in  the  proper  disposal  of  sew^e. 

Copper  is  of  great  value  as  a  supplement  to  filtration  in  case  of 
accident  or  mismanagement. 

Under  certain  conditions  copper  may  be  used  to  great  advantage  in 
connection  with  filtration. 

There  is  no  authentic  record  of  fatal  copper  poisoning,  and  many 
of  the  best  authorities  do  not  consider  copper  a  true  poison;  they  hold 
that  it  is  a  natural  constituent  of  the  body,  and  in  minute  quantities 
has  no  effect  upon  man. 

The  suggested  medicinal  use  of  copper  in  cholera,  typhoid,  and 
related  diseases  seems  important. 
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BXTLLBTINS  OF  THE  BUSEATT  OF  PI.ANT  QTDUBTKT. 

The  Bureau  ot  Plant  Industry,  whith  waa  organized  July  1,  1901,  iocludes  V^je- 
table  Patholc^ical  and  PhyxioioKit^l  Inve.'^tigations,  Botanical  Inv^tigations  and 
Experimenta,  GraBS  and  Forage  Plant  luvestigiitions,  PiimoloRic-al  Iuvcstig8tions,«ad 
Experimental  Gardens  and  Grounds,  all  of  which  were  formerly  Beparate  Divieions, 
fkiid  abo  Seed  and  Plant  Intnxluction  and  Distribution,  the  Arlington  Experimental 
Farm,  Tea  Culture  InveetigHtioiui,  and  Domestic  Sugar  Inveatigations. 

Beginning  with  the  date  of  organization  of  the  Bureau,  the  several  series  of  Bulle- 
tins of  the  various  Divisions  were  diwon tinned,  and  all  are  now  published  as  one 
■  serieB  of  the  Bureau.     A  list  of  the  Bullelins  isaued  in  the  present  series  follows. 

Attention  isdirei'ted  h>  the  fact  that  "tlie  aorlat,  seientidc,  and  teclinical  publica- 
tions of  the  United  States  Department  of  Aerii'uttore  are  not  for  general  distribution. 
All  copies  not  required  for  ofBeial  use  an?  by  law  turned  over  to  the  Superintendent 
of  Documents,  who  is  empowered  to  pcil  them  at  co^t."  Al!  appliratlons  for  such 
publications  Mhould,  tlierefore,  be  made  to  tiie  Sniierintetulent  of  Documents,  Gov- 
ernment Printing  Office,  Waaliington,  D.  C. 
No.    1.  The  Relation  of  Lime  and  Magnesia  to  Plant  Growth,    IMI.    Price,  lOcentK, 

2.  Snerinatogenesis  and  Kecuniiution  of  Zainiu.     l\'Di,     I'rice,  LI)  ix'Ots. 

3.  Macaroni  WheaU.     1901.     Price,  I'D  cents. 

4.  Rangelmproveiueut  in  Arizona.    1802,    Price,  10  centa. 

5.  Seeds  and  Plants  Imported.    Inventory  No.  i*,     190ii,     Price,  10  cents. 

6.  A  List  of  American  Varieties  of  Pepperf.     IWK.     Price,  10  cents. 

7.  The  Algerian  Durum  Wheats.     1H02.     Price,  l.")  cents. 

8.  A  Collection  of  Fungi  Pre|Bired  for  Distribution.     1002.    Price,  10  cents, 

9.  The  North  American  Spetries  of  Spartina,     1W)2.     Price,  10  cents. 

10.  Records  of  Seed  Distribution  and  Cooperative  Ex|)eriinentswithGra.-9es  and 

Forage  Plants.    1SH)2.    Prire,  10  cents. 

11.  Johnson  GrasB.     1902.     Prii-c,  10  cents. 

12.  Stock  Ranges  of  Nortliweftern  Calif'iniia.     1!I03.     Price,  15  cents. 

13.  Experiments   in  Kange   Improvement  in  Ci-iLtral  Texas.     1902.     Priif,  10 
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LETTER  OF  TRANSMITTAL 
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M^axhingfon,  D.  C,  December  3, 190^. 
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The  eight  half-tone  illustrations  are  considered  necessary  to  a  com- 
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Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


The  avocado  is  a  tree  native  in  Central  and  South  America,  where 
it  has  been  cultivated  by  the  aborigines  since  very  ancient  times.  The 
large  and  usually  pear-shaped  fruit  is  not  used  as  a  fruit  in  the 
popular  sense  of  that  word,  but  as  a  salad.  It  is  highly  prized  by 
those  familiar  with  it  in  the  American  Tropics,  and  as  its  nature 
comes  to  be  nioi-e  widely  understood  in  the  United  States  its  popu- 
larity increases.  There  is  now  n  regular  demand  for  it  in  our  large 
cities.  The  long  journey  which  the  avocado  must  make  between  pro- 
ducer and  northern  consumer  renders  important  the  question  of 
shipping  qualities.  But  one  type  is  known  in  Porto  Rico,  and  this 
will  not  withstand  shipment  to  New  York  except  in  cold  storage. 

While  accompanying  Mr.  O.  F.  Cook,  of  this  Department,  on 
expeditions  to  Mexico,  Central  America,  and  the  West  Indies  for  tlie 
study  of  coffee,  rubber,  and  other  tropical  cultures,  Mr.  Collins  has 
found  that  the  varieties  of  the  avocado  are  much  more  numerous  and 
diverse  than  was  hitherto  supposed.  In  developing  the  culture  of 
avocados  it  is  important  that  tliei?e  varieties  be  canvassed  to  secure 
the  best  types.  Of  particular  interest  are  the  remarkably  thick- 
skinned  avocados  of  Guatemala,  which  thus  far  appear  to  have 
escaped  notice.  Tliese  varieties  promise  to  withstand  shipment  much 
better  than  any  of  the  thin-sliinned  forms  now  cultivated,  and  their 
introduction  into  Porto  Rico  will,  it  is  hoped,  aid  materially  in  estab- 
lishing a  profitable  industry  in  that  island. 

Mr.  Collins's  report  contains  much  information,  acquired  under 
his  exceptionally  favorable  opportunities  for  observing  the  avocado, 
which  will  be  useful  to  those  interested  in  the  culture,  transjwrtation, 
and  marketing  of  this  salad  fruit. 

Frederick  V.  Coville, 

Botanist. 

Office  of  Botanical  iNVEsnoATiONa  and  Experimemts, 

Washington,  D.  C,  September  30,  1901,. 


idbyGoOglc- 


idb,Googlc 


CONTENTS. 


latrodoctlon 9 

Origin  and  history 10 

Early  accotmto 10 

Common  names 11 

Not  native  In  the  Wert  Indies 14 

Difltribntion 10 

Description _ _..  15 

Botanical  affinities _ 17 

Varieties 18 

Geographical  types 20 

Guatemala 21 

Porto  Kico - 38 

Mexico __ _ __ 34 

GoeteRica - - --  35 

Cuba _ 36 

Hawaii 26 

Culture 37 

Propagatioti  by  seed 37 

Asexoal  propagation 27 

Sou _ 28 

Climate _ 28 

Culttvation __ 39 

Improvement 29 

Shipping  qualitiea 30 

Uniformity - 80 

Extension  of  Beason _ _ 30 

Seed  rdducticoi _  31 

Texture  _ 83 

Flavor _ _.  33 

Yield _ 32 

Size 83 

Beaietaiice  to  cold 88 

Diseaees - 33 

The  ftvocado  in  Porto  Rico 34 

'  The  avocado  in  Hawaii _ _ 35 

The  avocado  in  Florida - 35 

The  avocado  in  California 36 

Bearing  age  and  life  of  tree _  _ ,  36 

Yield 36 

Harvesting -  37 

Time  to  pick 37 

Method  of  gathering 87 

Packing  and  shipping 38 

C<dd  storage _ 40 

25523— No.  77--05  m 2  7 


idbyGoOglc 


CONTENTS. 


Uarketii^ 

Uarket  seasoD  . . . 
Methods  of  eating  — 

Food  valne  .--■- 

Coat  of  prodaction  _  _ . 

Stunmarj- 

Description  of  pl3tt;e . 


ILLUSTRATIONS. 


Plate  I.  Avocado  tree,  Freehold,  Costa  Eica FrontiBpiece. 

n.  Avocado  fruit,  Porto  Rico _   .     52 

III,  Leaf  and  fmit  of  avocado,  Tapachula.  J>iexico 52 

rV.  Avocado  fmit,  "thick-skinned  oval,"  Quataniala  City,  Guate- 
mala  02 

T.  Avocado  fmit,  ''thick-skinned  ronnd,"  Goatemala  City,  Gnate- 

mala S2 

TI,  Avocado  fruit,  Cnba :   52 

Til.  Avocado  fruit, Culia_ __ _._ 93 

VIIL  Hardy  avocado, or  "  Yas,''  Han  Job6,  Costa  Hica __  53 


idbyGoOglc 


THE  AVOCADO,  A  SALAD  FRUIT  FROM 
THE  TROPICS. 


XNIBODTTOnoN. 

As  our  contact  with  the  Tropics  becomes  more  and  more  intimate, 
and  transportation  facilities  are  improved,  the  number  of  fresh  food 
products  received  from  tropical  countries  is  rapidly  increasing. 
Among  the  most  promising  of  such  articles  is  the  avocado,  still  little 
known,  but  rapidly  increasing  in  favor. 

The  avocado,  though  technically  a  fruit  and  usually  referred  to  as 
puch.  is  from  the  culinary  standpoint  no  more  a  fruit  than  the  cucum- 
ber. It  is  more  accurately  described  by  the  term  "  salad  fruit," 
and  may  be  said  to  stand  alone  as  the  only  fruit  that  when  ripe  is 
eaten  almost  exclusively  as  a  salad.  Tho  nearest  approach  to  this  is 
perhaps  the  olive,  which  is  eaten  more  as  a  relish.  This  unexpected 
role  no  doubt  accounts  to  a  large  extent  for  the  dislike  or  indifference 
often  professed  by  persons  tasting  the  avocado  for  the  first  time.  As 
in  the  case  of  the  olive,  where  the  novice  usually  describes  the  fruit 
as  an  insipid  pickle,  the  appearance  of  the  avocado  leads  one  to  expect 
a  sweet  or  acid  fruit,  and  the  more  or  less  unconscious  disappointment 
usually  leads  the  experimenter  to  pronoinice  the  avocado  tasteless  and 
oily.  One  writer  describes  it  as  having  a  "  tastti  not  much  like  that  of 
our  pears  [the  avocado  is  often  called  '  allij^tor  pear  'J,  and  in  first 
trying  to  eat  the  fruit  one  may  pronounce  it  a  poor  pear  but  a  good 
kind  of  pumpkin,"  and  adds  the  charitable  suggestion  that  '^  cooking 
or  preserving  may  bring  out  the  hidden  virtues." 

Few  persons  who  live  for  any  length  of  time  in  countries  where 
avocados  are  to  be  had  fail  to  acquire  a  taste  for  this  delicious  salad 
fruit.  It  is  the  rule,  however,  that  the  taste  for  an  entirely  new  article 
of  diet  has  to  be  cultivated,  and  a  food  which  was  unknown  to  our 
fathers  and  which  we  meet  for  the  first  time  after  our  tastes  have  been 
formed  is  seldom  accepted  at  the  first  trial.  In  most  cases  it  is  only 
after  repeated  attempts,  prompted  usually  by  the  assurances  of  the 
initiated,  that  a  fondness  for  the  strange  article  begins  to  grow.  The 
human  taste  is,  however,  fairly  uniform,  and  a  liking  for  any  food 
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10  THE    AVOCADO. 

that  is  popular  in  its  native  country  is  usually  acquired  by  the  stranger 
if  his  first  attempts  do  not  create  a  prejudice  so  strong  as  to  prevent 
further  experiments.  As  examples  of  foods  that  when  first  tried 
outside  of  their  native  country  were  by  most  people  either  disliked  or 
considered  insipid  liut  which  have  since  become  firmly  established 
may  be  mentioned  olives,  bananas,  artichokes,  chocoiate,  tomatoes, 
curries,  and  peppers. 

With  avocados  the  taste  is  usually  acquired  after  two  or  three 
attempts,  and  many  profess  a  fondness  for  the  fruit  at  the  first  t^al. 
That  the  taste  when  once  acquired  amounts  almost  to  a  craving  is 
attested  by  prices  paid  for  the  fruit  in  the  northern  markets,  where 
15  cents  each  is  about  the  lowest  figure  at  which  they  can  be  bought, 
and  good  fruit  usually  sells  as  high  as  30  cents,  though  50  or  60 
cents  is  not  an  uncommon  price.  The  avocado  may  thus  be  said  to 
have  taken  the  first  steps  along  tlie  lines  by  which  most  foreign  fruits 
have  been  successfully  introduced. 

An  early  impetus  was  received  when  the  fruit  was  served  on  the 
tables  of  the  rich  and  fashionable,  its  intrinsic  merit  being  aided, 
without  doubt,  by  the  desire  to  inaugurate  a  novelty  at  once  rare  and 
expensive.  The  tendency  to  imitate  this  use  assisted  in  increasing 
the  demand  until  the  fashionable  hotels  were  able  to  score  a  point  by 
adding  the  fruit  to  their  menus.  From  this  stage  to  that  of  introduc- 
tion into  the  markets  and  fruit  stores,  where  the  general  public  will 
make  its  acquaintance,  is,  perhaps,  the  slowest  and  most  crucial  step 
in  the  history  of  a  successful  new  product,  and  one  that  the  avocado  is 
at  present  undergoing. 

OBIOEN  Ain>  HISTOItT. 

EARLY   ACtXJUNTS. 

What  appears  to  be  the  earliest  reference  to  the  avocado  is  found  in 
Oviedo's  report  to  C3iarles  V  of  Spain,  in  the  year  1526,"  a  translation 
of  which  follows : 

On  tbe  mainland  are  certain  trees  that  are  called  pear  tre^s  (perales).  Tber 
are  not  pear  treea  like  those  of  Spain,  but  are  held  In  no  less  esteem ;  rather 
does  tblB  fruit  have  many  advantatirea  over  the  pears  of  that  country.  Tbese 
are  certain  large  trees,  witb  long  narrow  leaves  similar  to  tbe  laurel,  t>ut  larger 
and  more  green.  Tbla  tree  i)ro<l«cea  certain  pears,  many  of  wbich  welgb  more 
than  a  pound,  and  some  less ;  hut  usually  a  pound,  a  little  more  or  less,  and  tbe 
color  and  shape  Is  that  of  tnie  pears,  and  tbe  skin  fs  somewhat  thicker.  l>iit 
softer,  nnd  In  the  middle  it  holds  a  seed  like  a  peeled  chestnut :  bnt  it  is  very 
bitter,  as  was  said  farther  back  of  the  mammee.  except  that  here  It  Is  of  one 
piece  and  In  tbe  mammee  of  three,  but  it  Is  similarly  bitter  and  of  tbe  same  form ; 
and  over  this  seed  Is  a  del<(wte  membrane,  and  between  It  and  the  primary 

'Sumarlo  de  la  Natural  Historia  de  las  indias.  (Biblloteca  de  Autores  Ea- 
pafloles,  Hlstorladores  Prlmltlvos  de  Indias,  Madrid,  1852.     1:602.) 
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eklD  Is  tbat  which  Is  eaten,  which  la  eomethlng  of  a  liquid  or  paste  that  Is  verr 
similar  to  hutter  and  a  very  good  food  and  of  good  flavor,  and  such  that  those 
that  can  have  them  guard  and  appreciate  theu ;  and  they  are  wild  trees  In  the 
manner  that  alt  those  that  hare  been  spoken  of,  for  the  chief  gardener  Is  Ood, 
and  the  Indians  apply  no  work  whatever  to  these  trees.  With  cheese  these 
pears  taste  very  well,  and  they  are  gathered  early,  befure  they  are  ripe,  and 
stored;  and  after  they  are  eollerted  they  mature  and  become  In  perfect  condi- 
tion to  be  eaten ;  but  after  they  are  ready  to  l>e  eaten  they  spoil  If  they  are  left 
and  allowed  to  pass  that  time. 

A  more  complete  discussion  appears  in  the  same  author's  History 
of  the  Indies,"  written  some  time  after  his  original  report,  where  he 
adds  that  some  years  after  his  report  to  Charles  V  "  I  saw  many  of 
these  pear  trees  in  the  province  of  Nicaragua,  placed  by  hand  in  the 
landR  and  yards  or  gardens  of  the  Indians  and  cultivated  by  them. 
And  some  of  these  trees  are  as  large  as  walnut  trees,  but  the  pears  are 
smaller  than  those  of  Cueva."  The  locality  referred  to  in  his  first 
account  is  the  northern  part  of  Colombia,  near  the  Isthmus  of  Pan- 
ama, The  fruit  described  would  seem  to  resemble  some  of  the  poorer 
varieties  common  in  southern  Mexico,  or  the  Costa  Riean  fruit  known 
as  "yas,"  referred  to  Persea  frigida  Linden.  (See  Pi.  VIII.)  The 
fruit  must  have  been  of  good  size  and  the  seed  very  large,  for  without 
knowing  the  size  of  the  "  vinous  pears  of  Spain,"  to  which  the  fruit 
is  compared,  the  weight  is  said  to  be  about  a  pound,  while  the  flesh 
is  said  to  be  the  thickness  of  a  goose  quill. 

Cieza  de  Leon "  refers  to  the  avocado  as  one  of  the  native  fruits 
eaten  by  the  Spaniards  of  Panama  (p.  16),  and  as  one  of  the  foods 
of  the  natives  of  Arma  and  Cali,  Colombia  (pp.  72-99).  It  would 
seem  that  the  fruit  was  of  considerable  importance,  as  it  is  one  of 
the  very  few  kinds  of  which  particular  mention  is  made.  The  fruit 
described  is  said  to  have  the  pulp  about  the  thickness  of  a  finger. 

Hernandez '  describes  the  avocado  in  Mexico  under  the  Aztec 
name  "  ahuacaquahuitl."  There  is  also  a  long  description  of  both 
the  fruit  and  the  tree  in  Ulloa's  Voyage  to  South  America  (1736), 

The  first  authentic  reference  thus  far  found  to  the  avocado  in  the 
West  Indies  is  made  by  Hughes.** 

COMMON    NAMES. 

The  various  common  names  of  the  avocado  form  a  curious  and 
undignified  jumble.  None  seems  to  be  available  that  is  not  either 
misleading  in  its  application  or  difficult  to  pronounce. 

The  most  common  designation  among  English-speaking  people  is 

<•  Oviedo,  1851,  Hlstorla  General  y  Natural  de  las  Indies,  1 :  353. 

»The  Travels  of  Pedro  de  Cleza  de  I.eon  [1532-1550],  Hakluyt  Society,  ISftl. 

"Hernandez,  P.,  1651.  Rerum  Medic  Nov.  Hiap.  Tbes.,  89. 

<  Hughes,  W.,  1OT2,  The  American  Pbysltlan,  40. 
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"  alligator  pear,"  and,  although  it  is  very  difliciilt  and  for  many  rea- 
sons undesirable  to  change  a  popular  name,  it  seems  best  while  this 
fruit  is  still  little  known  to  endeavor  to  secure  a  less  misleading  desig- 
nation. The  name  "  avocado  "  is  almost  as  widely  used  as  "  alligator 
pear,"  and,  while  not  altogether  unobjectionable,  its  adoption  will 
avoid  the  confusion  of  this  salad  fruit  with  varieties  of  the  common 
pear.  The  use  of  the  name  "  alligator  pear  "  not  only  retards  the 
true  appreciation  of  this  very  distinct  article  of  diet,  but  will  eventu- 
ally cause  annoying  complications  in  statistical  classifications  of  the 
products  of  regions  where  both  this  and  true  pears  are  grown.  The 
word  "  ijear "  is  sometimes  appended  to  '"  avocado,"  and  the  name 
is  then  no  less  objectionable  than  the  other  form. 

"  Palta  "  is  applied  to  the  avocado  in  Chile,  Peru,  and  Ecuador, 
and  is  said  by  Garcilasso  de  la  Vega "  to  have  been  applied  by  the 
Incas,  who  brought  this  fruit  from  the  province  of  that  name  to  the 
warm  valley  of  Cuzco,  although  it  seems  not  improbable  that  the 
province  may  have  received  its  name  from  the  tree,  according  to  the 
common  custom  of  primitive  people. 

The  name  "ahuacaquahuitl,"  given  by  Hernandez,  signifies  "like 
the  oak  tree,"  and  is  variously  spelled  by  other  writers. 

The  words  "  aguacate "  and  "  avocado  "  are  probably  Spanish  . 
spellings  of  attempts  to  pronoimce  the  Aztec  name.  To  an  Andalu- 
sian  the  sound  of  the  word  would  naturally  suggest  the  spelling 
"  aguacate,"  while  a  Castilian  would  be  more  likely  to  adopt  the  other 
form. 

The  French  name  "  avocat "  is  probably  a  modification  of  the 
Spanish,  or  perhaps  an  independent  approximation  of  the  native 
name. 

The  tendency  to  transform  a  new  name  into  a  word  already  existing 
in  the  language  is  shown  in  the  spelling  "  abogado  "  in  the  Spanish 
and  "  avocat  "  in  the  French,  both  words  meaning  lawyer. 

Tussac  "  gives  "  aoucate  "  as  the  Carib  name  and  derives  the  French 
"  avocat "  from  that  form.  Jumelle  and  Pickering  also  give  modifi- 
cations of  this  word  as  Carib.  It  seems  impossible  that  the  Carib  and 
Aztec  names  should  be  so  similar,  and  it  is  more  likely  that  the 
Carib's  attempt  to  pronounce  the  Spanish  designation  was  erro- 
neously recorded  as  a  native  name. 

The  form  of  the  fiuit  obviously  suggests  the  term  "pear,"  and 
"  perales,"  or  pear  trees,  was  the  name  under  which  they  were  first 
recorded  by  Oviedo  in  l!)2C,  that  author,  however,  stating  that  they 
were  pears  in  form  and  in  nothing  else. 

"  Garellfliwo  de  la  Wkfi.  Yih'u.  l(Snr>.  Uoj-nl  t'iiuiuit>iitiirl«i  of  tlit?  Ydobb,  Hak- 
luyt,  ed.,  2 :  335. 
ft  Tussac,  F,  R.  de,  1S24.  Flore  des  Antilles,  3;  15. 
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The  namo  "alligator*'  is  entirely  without  warrant,  and  no  one 
has  as  yet  suggested  even  a  fanciful  application  to  any  of  the  char- 
acteristics of  the  fruit  or  tree.  It  hits  Iwen  suggested  that  the  term 
is  a  further  corruption  of  the  Spanish  "'  agiiacato.,"  and  this  must  be 
admitted  as  possible.  The  occurrence  of  the  word  "alligator"  pre- 
fixed to  the  names  of  plants,  such  as  "  alligator  pepper  "  for  Am</m,u7fl, 
melegueta  Ilosc,  suggests  that  the  «'onl  may  formerly  have  been 
used  to  signify  false  or  worthless,  and  if  thi5i  were  true  its  application 
to  this  pear-shaped  fruit  would  be  very  natural." 

The  application  of  other  English  names,  such  as  '"subaltern's 
butter,"  "  midshipman's  butter,"  "  vegetable  marrow,"  etc.,  is  obvious. 

Below  is  a  partial  list  of  the  names  and  spellings  that  have  been 
applied  by  different  writers : 


Popular  n. 


»  of  the 


Namo. 

""•"• 

Lanemage. 

Authority. 

Orion,  p.  S. 

Vfll.a^M'btet. 

^^'"■:-:;;;;;; 

Jomrfle,  p  1TB. 
Leqiiat.'n,"p.*01. 

IS£S"".'""»""^ 

Semler,  II.  p.  tH. 

B0I&,  Rev,  Hort.,  IBOO,  p.  548 

SIS- 

ATOcait 

SSK"-.*^"";: 

R.„^..,.«, 

English;.:::.".:.:;:: 

Smith,  Tre«MuiT  ot  Bot»ny. 

MjmtainiJlaailTBBtte  .... 

Mexico 

Hpanl^ 

M«T»-:::;:::::::;:;:: 

Ynaitan 

aSSde-ibig^o 

;^r:-::;:;;;;;:;; 

*^-;-.-:::::-::: 

b'^.,w.,p.». 

asip.,.. 

Smith.  TresBory  oE  Botany 

EQgllBh.__ 

•  Other  Instances  of  Ihn  use  ot  tbls  word  tliiU  ndmit  of  Ibla  Interpretntion  nre 
alligator  apple  {Anona  palvntrU  L.)  and  nlllKntor  CTocwllle  {Osimlacma^ 
tetraapes).  The  word  "nlUgntor"  is  Hiild  to  be  dPi-ivwl  rrotii  tlie  SpaalRh  El 
Lagarto,  meanlDK  "  the  lizard."  The  expreasioo  "  alltgntor  tejira  "  or  "  croco- 
dile tears  "  cau  also  be  Interpreted  In  tlie  same  way. 
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14-  THE   AVOCADO, 

NOT  NATIVE  IN  THK  WEST  INDISB. 

Many  general  works  on  tropical  agriculture  refer  to  the  avocado 
as  a  nfttive  of  the  West  Indies.  There  seems,  however,  to  be  no  posi- 
tive warrant  for  this,  while  there  are  many  indications  to  the  contrary. 
De  Candolle  "  states  that  it  has  been  found  wild  in  this  region,  but  the 
authority  cited  *  says  simply  "American  Tropics,"  and  his.  records  of 
the  different  varieties  occurring  in  the  West  Indies  evidently  refer  to 
cultivated  forms.  A  wild  species  of  Persea,  P.  sylveatTis,  is  reported 
from  Cuba,  but  this  is  quite  distinct  from  the  avocado,  and  is  called 
by  the  Cubans  "aguacate  silvestre,"  The  statement  "in  insula  S. 
Dotninici "  occurs  in  Bauhin's  description  of  the  avocado.^  Acosta 
is  cited,  however,  and  this  author  gives  no  reference  to  the  fruit  in 
that  locality. 

The  avocado  was  certainly  not  common  nor  was  it  cultivated  in  the 
West  Indies  before  the  time  of  Columbus,  for  of  the  early  writers  con- 
sulted none  makes  mention  of  it  as  native  in  that  locality,  although  ref- 
erences to  it  in  Colombia,  Ecuador,  and  Peru  are  frequent.  It  is  sig- 
nificant that  Oviedo  entitles  his  discussion  "  De  los  perales  salvajes  do 
la  Tierra-Firma,"  or  "  Wild  pear  trees  of  the  mainland,"  and  does 
not  mention  their  occurrence  on  the  islands,  as  he  does  in  the  case  of  so 
many  other  plants.  This  part  of  his  history  was  apparently  written 
while  in  Santo  Domingo,  and  his  knowledge  of  that  island  is  so  cir- 
cumstantial as  to  make  it  very  improbable  that  he  could  have  remained 
ignorant  of  its  existence  there,  and  while  less  conversant  with  the 
remainder  of  the  West  Indies  he  makes  mention  of  many  compar- 
atively obscure  plants  as  existing  in  "other  islands;"  all  of  which 
seems  to  indicate  that  the  avocado  was  unknown  in  the  Spanish  set- 
tlements of  the  West  Indies  in  the  early  part  of  the  sixteenth  century. 

Hughes,'*  Dampier,"  and  Hans  Sloane '  refer  to  the  avocado  as 
planted  in  Jamaica  by  the  Spaniards.  Brown  «  definitely  states  that 
the  tree  was  introduced  into  Jamaica,  and  Jacquin  *  says  the  same  of 
the  West  Indies  as  a  whole.  Tussac  *  also  affirms  that  the  avocado  is 
not  a  native  of  the  West  Indies,  although  he  gives  a  Carib  name  for 
the  plant. 

0  De  Candolle,  1885,  Origin  of  Cultl-  r  Sloane.  Hans,  1725.  Natural  Hls- 

vatecl  Plants,  292.  tory  of  Jamaica,  2: 133. 

6  Meisaner,    1864,    tn    De    Candolle,  t  Btowd,  P.,  1789,  History  of  Jamal- 

Prodroniua,  15 : 1 :  53.  ca,  214. 

e  Bnubin,  Caspar,  1623,  Theatrl  Bo-  *  Jncquln,  J.  N.,  1704,  ObBerv.  Bo- 
tanic!, 439.  tanlc,  1 :  38. 

■*  Hugboa,  W.,   1672,  The  American  *  Tassac,  F.  E.  de,  1824,  Flore  dea 

PUjsltlan.  41.  Antilles,  3 :  16. 

"Dnmpier,    William,    1703,   A   New 
Voyage  Aronnd  the  World,  1 :  202. 


idbyGoOglc 


DESCRIPTION. 


DISTRIBUTION. 


The  avocado  has,  since  the  time  of  Columbus,  spread  from  its  home 
in  America  entirely  around  the  Tropics.  That  such  an  important 
food  plant  was  confined  to  the  American  continent  until  the  post- 
Cohmibian  contact  with  the  Old  M'orld,  while  numerous  other  plants, 
puch  as  the  yam,  taro,  and  sweet  potato,  had  already  spread  to  parts 
of  the  Old  World,  was  probably  due  to  the  fact  that  the  avocado  will 
not  easily  survive  long  voyages,  while  most  of  the  tropical  root  crops 
have  much  greater  vitality. 

The  fruit  spread  but  slowly  before  the  last  century,  but  in  recent 
times  its  culture  has  rapidly  increased,  and  it  is  now  cultivated  in 
most  of  the  countries  that  are  suited  to  its  growth.  It  has  been  cul- 
tivated in  India  since  about  1860,  and  has  reached  the  islands  of  Mad- 
agascar, Reunion,  Madeira,  the  Canaries,  Samoa,  and  Tahiti.  In 
Natal  and  Australia  it  is  just  gaining  a  foothold.  Its  cultivation  is 
increasing  in  Algiers.  In  1882  it  was  reported  as  growing  in  southern 
France  along  the  shores  of  the  Mediterranean.  Some  of  the  trees 
had  flowered,  but  apparently  none  had  fruited  at  that  time.  In 
southern  Spain,  however,  the  ti-ee  fruits,  and  is  cultivated  to  a  limited 
extent. 

E.  Eoul"  gives  the  range  of  this  sjwcies  as  36°  from  the  equator. 
He  states,  however,  that  certain  varieties,  such  as  "  dulce,"  are  not 
found  outside  the  Tropics. 

The  avocado  seems  to  have  commanded  very  little  attention  in  the 
West  Indies.  No  mention  is  made  of  this  fruit  in  Morris's  account 
of  the  British  West  Indies,  and  the  inde.x  to  the  bulletins  of  the 
botanical  department  of  Jamaica  does  not  contain  a  single  reference 
to  it.  In  Porto  Rico  the  fruit  is  abundant  and  popular,  although  not 
so  important  a  staple  a.s  in  tropical  Mexico,  where  quantities  of  even 
the  most  inferior  fruit  are  consumed  by  the  natives,  who  consider  it 
an  important  ingredient  of  that  indispensable  Spanish  dish,  soup. 

There  are  now  orchards  of  avocados  in  southern  Florida  and  Cali- 
fornia, and  a  slightly  hardier  variety  would  greatly  extend  the  cul- 
ture of  this  fruit  in  these  regions. 

Cuban  fruit  is  shipped  to  the  northern  markets,  and  the  conditions 
in  that  island  are  probably  similar  to  those  existing  in  Porto  Rico. 

In  the  tropical  parts  of  Mexico,  Central  America,  and  South  Amer- 
ica the  fruit  is  very  common,  and  its  different  forms  and  races  are 
innumerable. 

DESCBIPTION. 

The  avocado  tree  is  20  to  60  feet  high,  varying  in  habit  from  tall 
and  rather  strict  to  short  and  spreading.    In  favorable  situations  the 

o  Sagot,  P.,  Maoue)  Pratique  dea  Cultures  Troplcnies,  198,  1893. 
25523— No.  77—05  M 3  .^DOqIc 


16  THE  AVOCADO. 

top  is  very  dense.  The  leaves  are  20  to  40  cm.  long  and  7  to  25  cm. 
wide,  acuminate  at  the  apex,  varying  from  acute  to  truncate  at  base, 
petiole  2  to  8  cm.  long.  The  upper  surface  is  smooth,  with  depressed 
veins;  the  lower  surface  is  glaucous,  with  the  raised  veins  slightly 
pubescent.  Different  forms,  all  referred  to  the  one  species,  vary  so- 
greatly  in  the  form  and  size  of  the  leaves  that  close  relationship  would 
hardly  be"  suspected.  Climatic  differences  may  possibly  account  for 
some  of  this  variation,  the  large,  broad-leaved  forms  being  usually 
found  near  the  coast.  Young  trees  have  also,  as  a  rule,  much  larger 
leaves. 

The  flowers  are  perfect  and  are  borne  on  loose  axillary  racemes  near 
the  ends  of  the  branches,  usually  at  the  base  of  the  year's  growth.  The 
corolla  is  wanting,  the  calyx  6-parted.  The  lobes  are  all  of  equal 
length,  green  in  color,  and  pubescent.  The  stamens  are  9,  in  three 
series;  the  anthers  4-eelled,  opening  by  valves  hinged  distally.  The 
two  outer  series  have  the  openings  introrsely  directed ;  the  inner  series 
has  the  two  distal  valves  introrsely,  the  basal  pair  extrorsely,  directed. 
Each  stamen  of  the  inner  series  bears  near  its  base  two  large  glands. 
Inside  the  stamens  are  three  staminoidia.  Occasionally  4-part«d 
flowers  are  to  be  found,  in  which  case  they  are  4-parted  throughout. 
The  ovary  is  1-celled,  the  style  simple. 

The  fruit  in  some  varieties  is  long  and  slender;  in  others,  nearly 
globular,  varying  from  8  to  15  cm.  (1  to  6  inches)  in  diameter.  The 
outside  covering  in  some  forms  is  soft  and  pliable,  often  less  than  one- 
half  millimeter  in  thickness,  while  in  others  it  is  hard  and  granular,  in 
some  of  the  Central  American  forms  reaching  3  mm,  in  thickness.  The 
fleshy  part  of  the  fruit  between  the  sltin  and  the  seed  varies  greatly 
in  thickness,  but  is  always  butyraceous  in  consistency,  though  in 
some  cases  much  firmer  than  in  others.  In  the  better  varieties  the 
librovascular  system  that  enters  the  fruit  from  the  stem  is  discernible 
only  in  the  thin  flesh  at  the  very  base  of  the  fruit  and  at  the  base  of 
the  seed,  which  is  toward  the  apical  end  of  the  fruit.  The  seed  thus 
appears  to  receive  its  nourishment  directly  from  the  pulp  by  absorp- 
tion or  ceases  to  receive  nourishment  before  the  fruit  is  fully  formed. 
In  the  coarser  forms  the  bundles  can  be  traced  from  the  stem  through- 
out the  pulp  to  the  point  where  they  enter  the  seed,  and  in  some  cases 
they  are  so  prominent  that  the  quality  of  the  fruit  is  seriously 
impaired. 

The  tree  is  usually  described  as  evergreen.  In  some  localities, 
however,  the  leaves  are  dropped  just  before  flowering,  leaving  the 
tree  naked  for  a  short  time.  This  is  the  case  in  Alta  Vera  Paz, 
Guatemala,  where  a  type  with  narrow  leaves  and  very  tliick-skinned 
fruit  prevails.  Whether  this  deciduous  character  is  peculiar  to  the 
variety  or  the  result  of  climatic  conditions  could  not  be  determined. 
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The  seed  is  single,  inverted,  exalbuminous,  spherical,  or  pointed, 
provided  with  two  more  or  less  distinct  coats,  one  or  both  of  which 
may  adhere  very  closely  to  the  cotyledons,  though  usually  separable 
at  the  base  of  the  seed;  or  they  may  adhere  to  the  flesh  of  the  fruit 
and  separate  from  the  cotyledons.  This  latter  condition  is  observed 
more  commonly  in  specimens  not  fully  matured.  The  surface  of  the 
outer  coverings  may  be  coarsely  reticulated  or  granular.  The  seed 
coats  are  frequently  produced  into  a  point  beyond  the  apex  of  ihe 
(»tyledons.  The  cotyledons  are  nearly  hemispherical  in  form,  white 
or  light  green  in  color.  The  surface  of  some  forms  is  smooth;  in 
others  rugose.  The  plumule  is  well  developed  before  the  fruit  ripens 
and  is  located  from  10  to  15  mm.  from  base  of  seed.  Concerning  the 
seedling,  Holm"  has  pointed  out  that  no  hypocotyl  develops.  He 
also  calls  attention  to  the  curious  fact  that  the  first  four  leaves  are 
opposite  and  by  showing  a  differentiation  into  petiole  and  blade  more 
closely  resemble  the  mature  leaf  than  do  the  following  five  or  six 
leaves,  which  are  almost  scalelike. 

BOTANiOAi.  AimrrriBS. 

The  genus  Persea,  to  which  the  avocado  belongs,  is  a  member  of 
the  family  Lauracesc.  Among  the  other  more  important  economic 
members  of  the  family  are  cinnamon  (Cinnamornvm  fhinamomum. 
(L.)  Cockerell),  camphor  {Oimmmomum  aimphora  (L.)  Nees),  and 
sassafras  (Sassafras  sassafras  (L.)  Karst.).  With  the  exception  of 
cinnamon,  they  are  used  chiefly  in  medicine.  The  avocado  is  the 
only  member  of  the  family  cultivated  for  its  edible  fruit. 

Mez,  in  his  monograph  of  the  family,''  describes  forty-seven  species 
of  Persea,  and  states  that  the  genus  is  confined  to  the  American  con- 
tinent, with  the  exception  of  one  species  in  the  Canary  Islands. 

On  the  contrary,  F,  Pax  '^  restricts  the  genus  to  ten  species,  only 
one  of  which,  /*.  persea  (L.)  Cockerell  {P.  gratissima  of  Pax), 
belongs  in  America.  No  intimation  is  given  as  to  the  disposition  of 
the  other  American  species.  This  latter  author  divides  the  genus 
into  two  sections — Eupersea,  with  the  one  siiecies  P.  persea,  and 
Alseodaphne,  with  nine  Old  World  species,  five  of  which  are  imper- 
fectly known. 

It  is  almost  impossible  to  come  to  any  satisfactory  conclusion  in 
regard  to  the  systematic  relationships  of  the  various  forms  of 
avocados,  for  the  present  classification  of  this  group  is  based  almost 

a  Bot  Gaz.,  July,  J809.  p.  fiO. 

»Mez,  Carolus,  1889,  Lanruccje  Amertcamp,  Jabrb.,  Kiln Igl. -hut.  Gnrt.,  5;  135. 

'  Bugler  and  PrantI,  Die  NatUrlichen  Pflanzearamlllen,  1889,  3 :  2 1 114-115. 
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entirely  on  floral  and  foliage  characters,  and  in  most  cases  it  is 
impossible  to  secure  flowers  or  leaves  from  the  individual  trees  which 
produced  the  difl'erent  fruits.  This  is  especially  the  case  with  fruits 
collected  in  the  markets,  but  even  where  the  fruit  is  collected  from 
the  trees  no  flowers  will  be  present  at  the  time  the  fruit  is  mature,  and 
complete  material  can  only  be  secured  by  residents  or  by  repeated 
visits  to  the  same  locality  at  different  seasons. 

On  the  other  hand,  out  of  the  forty-seven  species  described  by  Mez 
twenty-six  have  the  fruit  unknown,  and  in  the  two  varieties  distin- 
guished from  the  typical  P.  persea  no  mention  is  made  of  the  fruit. 

The  diagnostic  chaiacters  of  the  species  as  shown  in  this  author's 
key  to  species  are : 

Anthers  of  the  three  outer  serlea  fertile.  4'loeel1nte;  ovary  pilose;  perlnnth- 
lobee  eQiml  or  aubequal ;  filaments  two  nod  oiie-bHlf  to  three  times  na  long  aa 
tbe  anthers ;  iittaniinodes  twice  as  long  as  the  stipe. 

With  regard  to  leaf  characters,  it  is  difficult  to  draw  definite  con- 
clusions, as  the  characters  of  the  leaves  vary  greatly  at  different 
stages  of  the  tree's  development. 

vajbibtHiS. 

The  botanical  descriptions  of  varieties  of  the  avocado  are  in  nearly 
every  case  too  meager  and  too  general  in  their  terms  to  be  recog- 
nized and  are  in  every  case  based  on  floral  and  leaf  characters,  no 
mention  being  made  of  the  fruit,  Meissner  "  describes  four  varieties, 
as  follows: 

Var.  vnlgttrU.  Leaves  medium  sized,  mostly  3  to  4  inclies  long,  li  inches 
broad,  ovnJ  or  otiovate;  flowers  sljort  |)ediceled.  West  ladles.  Central  UDd 
South  .\merlca. 

Tar.  obltmga.  Leaves  long,  equally  attenuate  iit  Iwth  ends,  often  acute.  4  to 
0  inches  long.  11  to  2  Inches  wide,  stkort  |>edleeled.  West  ludies,  Meiiro, 
Peru,  Brazil,  Mnsciireue  Islands,  Jitva. 

Var.  macrophytla.  Letives  Inrgrr.  (1  to  1)  liichcH  louK,  3  to  ii  Inches  broad, 
ohovate  or  obov ale-oblong,  acutely  Hcuinluiite.  short  i>edlt'lleU.  Eastern  Peru. 
British  Gnlann,  Central  America,  Mexk-o. 

Var.  *cliiedeana.  Leaves  ample,  !>  Inclies  and  over  in  length.  S  to  4}  inches 
broad,  obovate  and  oblong,  acute  or  obtuse,  yonng  Icives  with  a  thick  yellow 
tomentum,  veins  and  velnuies  rather  accentuated  underneath,  panicles  terminal, 
bases  witti  long  persistent  Imbricate  bracts,  iiedlcels  ruther  long.  Miaantla, 
Mexico. 

Mez "  recognizes  two  varieties  as  differing  from  the  normkl  type, 
one  of  which  is  the  schieilmiia  described  above  and  which  is 
apparently  confined  to  Mexico;  the  other,  drimy folia,  also  confined  to 

"  Melsener,  in  De  Candolle.  Prodromus.  15 : 1 :  Kl. 

'>  Mez,  CaroluB,  1889,  Lauraceie  Amerlcanie,  Jabrb.,  Ktinlgl.-bot  OarL,  S :  147, 
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Mexico,  was  formerly  considered  a  distinct  species.    A  translation  of 
his  description  of  the  latter  variety  is  as  follows : 
Variety  drimyfolia, 

DiCTera  from  tlie  iioriunl  form  In  being  anioutlier;  leaves  obloDg  Inoeeolate, 
narrowly  acute  at  base,  apex  acute  or  aomewbat  acute,  below  glaucous. 

A  delicious  fruit  trve,  cultlruted  In  tro[)iciil  ret^oiin,  and  from  theuce  loiiwrted 
Into  Europe.  In  Portugal  and  Sicily  It  winters  If  protected,  aud  sometimes  pro- 
duces mature  fruit.  Bnibrj-o  (Hi^cortllng  to  Schoniburgk)  often  wltb  3  cotjle- 
dona,  and  frequently  germlnatlaK  on  the  tree.  According  to  Krug,  tbe  fruits  of 
tbis  tree  come  true  to  seed,  and  it  is  not  necensar}'  to  graft. 

This  description  applies  best  to  the  hard-skinned  types  of  Guate- 
mala, the  peculiarities  of  the  fruit  of  which  seem  never  to  have  found 
their  way  into  literature,  and  it  is  probable  that  the  similarity  is  con- 
fined merely  to  the  dimensions  of  the  leaves. 

The  marked  differences  in  the  fruits  of  the  avocados  from  different 
localities  are  recognizable  in  the  earliest  descriptions.  Hernandez's 
description  of  a  black  fruit  the  size  and  shape  of  an  egg  or  Bg  corre- 
sponds well  with  many  of  thf^  small  black  forms  grown  in  Mexico  at 
the  present  time  and,  so  far  as  known,  not  occurring  elsewhere.  On 
the  other  hund,  all  the  early  writers  on  the  West  Indies  describe  a 
much  larger  fruit  with  much  thicker  flesh. 

The  distinction  between  the  thick -.skinned  and  thin-skinned  forms 
of  the  avocados  was  made  as  early  as  1590  by  Acosta,"  who  wrote: 

Tbe  Palta  1b  ii  great  tree,  and  carries  a  (aire  ienfe,  wblcb  hath  a  frulte  like  to 
great  )>earea:  within  it  bnth  n  Rreat  stone,  and  all  the  rest  Is  soft  meate,  so  as 
wbeu  they  are  full  ripe,  Ihey  are.  as  It  were,  butter,  and  have  a  delicate  taste. 
In  Peru  tbe  Paltas  are  great,  anil  liave  u  very  hard  nknle,  wbicb  may  Ix.-  taken 
off  whole.  The  frulte  Is  most  usual  In  Mexico,  having  a  thlnne  sklune.  whicb 
may  be  peeled  like  nn  apple:  tbey  hold  it  for  a  holesome  meate,  and,  as  I  have 
said.  It  declines  a  little  from  heat 

It  is  worthy  of  note  that  the  earliest  account  of  the  avocado  in  the 
West  Indies,  by  Hughes,*  describes  a  hard-skinned  type,  yet  so  far  as 
known  this  type  does  not  exist  in  the  West  Indies  at  the  present  time. 
The  description  referred  to  follows: 

This  Is  a  reasonable  high  and  well-spread  Tree,  whose  leaves  are  smooth,  and 
of  a  pale  green  colour :  the  Fruit  Is  of  tbe  fashion  of  n  Fig,  but  very  smooth  on 
tbe  outside,  and  as  big  in  bulk  as  a  Slipper-Pear;  of  a  brown  colour,  having  a 
stone  Id  tbe  middle  as  big  as  an  Aprlcock,  but  round,  hard  and  smooth ;  the  outer 
paring  or  rlnde  Is,  as  it  were,  a  kliide  of  a  shell,  almost  like  an  Acorn-shell,  but 
not  altogether  so  tough;  jet  the  middle  substance  (I  mean  between  tbe  stone 
and  tbe  paring,  or  outer  crusty  rlnde)  is  very  soft  and  tender,  almost  as  soft  as 
the  pulp  of  a  Pippin  not  over-roasted. 

It  groweth  in  divers  places  In  Jamaica ;  and  the  truth  Is,  I  never  saw  it  else- 
where :  but  It  Is  possible  It  may  t»e  In  other  Islands  adjacent,  which  are  not  much 
different  In  Latitude. 


a  History  of  the  Indies,  Hakluyt  Society  ed,  1 :  250. 
»  Hughes,  W.,  1672,  The  American  Physltlan,  40-42. 
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I  never  beard  It  called  by  any  otber  name  tben  the  Spanlab  Pear,  or  by  some 
tbe  Sbell-Pear ;  and  I  suppose  It  is  so  called  ooly  by  tbe  English  (knowing  no 
other  name  for  It)  because  It  was  there  planted  by  SpuiilardB  before  our  Coun- 
tTTUien  had  any  being  there;  or  else  because  It  batb  a  klnde  of  shell  or  cniaty 
out-side. 

I  think  it  to  be  one  of  the  most  rare  and  most  pleasant  Fruits  In  that  Island : 
It  nourighetb  and  strengtbeneth  tbe  bodj-.  corroborating  the  vital  ^Irlts.  and 
procuring  lust  exceedingly:  tbe  Pulp  being  taken  out  and  macerated  in  some 
convenient  thing,  and  eaten  with  a  little  Vinegar  and  Pepper,  or  several  other 
ways.  Is  very  delleloua  meat 

GEOGKAPHICAL  TTPES. 

In  nearly  all  parts  of  the  American  Tropics  there  is  great  variety  in 
the  forms  of  the  avocatlo,  yet  comparatively  few  have  received  dis- 
tinctive names,  and  only  a  verj'  few  have  found  their  way  into 
literature.  In  the  Rcviie  Horticole,  1900,  page  546,  D.  Boi?:  describes 
nine  Mexican  varieties  as  follows : 

Dulce  largo,  green,  In  form  of  a  gourd,  with  a  long  neck  ;  seed  large. 

DC  teeosavtla,  dark  green,  n'lth  ovoid  seed. 

Pagua,  large,  spherical,  purple  In  color,  with  a  large  seed. 

Morada  de  Cltalco,  |)ear-sbuped,  pnri>lish. 

Dulce.  large,  green,  oblong,  with  wbltlsh.  ovoid  see<l. 

Pagua  redonda,  round,  green,  with  a  very  large  reddish  seed. 

Verde  de  San  Angrl.  light  purpllsb,  puar-shaped. 

Morado  de  San  Angel,  light  purple ;  seed  ovoid. 

Verde  cMco,  small,  green,  with  au  elliptical  seed. 

These  same  varieties  appear  in  slightly  different  form  in  Sagot's 
Mfinuel  Pratique  des  Cultures  Tropicales,  page  157. 
Sagra  "  mentions  four  forms  from  Cuba,  as  follows : 

Violet,  almost  rouua 

Thick  green,  round,  with  yellowish  flesh  ot  a  spongy  coiisisteacy. 

Long  velJow,  simitar  to  a  large  pear. 

Long  green. 

There  is  little  to  be  gained  in  attempting  to  identifj-  these  forms, 
as  none  of  the  characteristics  of  economic  imjjortance  are  mentioned, 
and  from  observations  made  in  Mexico  it  api>ears  probable  that  these 
forms  merge  into  one  another  with  many  imperceptible  gradations. 

The  author  has  had  the  opportnnity  of  studying  avocados  in 
Porto  Rico,  Guatemala,  Costa  Rica,  and  Mexico ;  and  from  the  fruit 
that  has  come  under  observation  the  avot-adow  of  Mexico,  whiK- 
diverse  in  form  and  color,  seem  to  \k  much  more  closely  related  to 
each  other  than  to  those  of  any  other  of  the  above-mentioned 
countries. 

As  much  of  the  fruit  was  obtained  in  markets,  it  was  often  im- 
possible to  determine  the  character  of  the  tree  on  which  any  partieu- 

■  Sagra,  Knmou  de  la,  lUstorla  Plslcu  Polltiiii  y  Natural  de  la  Isla  de  Culm, 
11:186,1803. 
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lar  fruit  was  borne,  and  in  no  case  could  floral  and  fruit  characters 
be  compared.  Aside  from  yield,  vigor,*  and  hardiness,  however, 
the  more  important  charftcteristies  of  a  variety,  from  a  commercial 
standpoint,  can  be  determined  from  the  fruit  alone. 

In  a  general  way  each  of  the  countrieti  visited  exhibited  distinct 
types  of  avocados,  although  in  nearly  e^ery  case  aberrant  forms  occur 
which  frequently  seem  to  be  associated  with  the  types  of  other  coun- 
tries. In  many  such  cases  the  resemblance  is  probably  a  similarity 
in  formal  characters  rather  than  a  true  relationship. 

In  making  the  following  descriptions,  several  new  characters  have 
been  used,  such  as  the  nature  of  the  skin,  whether  it  is  hard  or  soft, 
thick  or  thin,  and  the  character  of  the  seed  coats,  believing  that  these 
are  of  more  importance  than  the  form  and  color  by  which  the  culti- 
vated varieties  have  usually  been  distinguished. 

Until  more  complete  botanical  studies  have  been  made  it  seems 
advisable  in  describing  the  different  forms  to  take  them  up  by  coun- 
tries. The  names  applied  to  the  different  forms  are  merely  to  facili- 
tate reference.  It  seems  a  curious  fact  that  although  the  avocado 
has  a  great  variety  of  names  in  different  countries  the  different  forms 
in  any  particular  locality  rarely  receive  distinctive  appellations.  Thus 
in  Porto  Rico,  where  mangoes  that  to  the  casual  observer  appear 
identical  are  carefully  distinguished  and  provided  with  particular 
names,  the  many  varied  forms  of  avocados  are  all  called  "  aguacate  " 
without  further  distinction.  In  Mexico  also,  where  the  variety  is 
still  greater,  no  names  for  the  different  forms  could  be  elicited  from 
those  selling  the  fruits  in  the  markets,  although  the  qualities  of  the 
different  forms  were  keenly  appreciated  and  willingly  pointed  out. 

As  might  be  expected,  there  aie  several  countries  that  claim  to 
produce  the  finest  avocados,  among  which  may  be  mentioned  Co- 
lombia, Hawaii,  Peru,  and  Brazil.  According  to  travelers  familiar 
with  the  Pacific  coai^t  of  tropical  America,  the  largest  and  finest 
avocados  come  from  the  vicinity  of  Tamaco,  in  Colombia.  These 
are  said  to  be  much  larger  than  those  of  the  Central  American  coast 
and  of  equally  fine  flavor. 

In  Brazil  the  finest  fruits  are  said  to  come  from  the  islands  of 
Marajo,  at  the  mouth  of  the  Amazon. 

As  with  most  fruits,  the  largest  and  fairest  are  not  always  the  best 
flavored.  The  delicat«  nutty  flavor  of  some  of  the  small  thin-fleshed 
kinds  of  Guatemala  is  seldom  equaled  in  the  large  thick-floshed 
varieties. 

OUATEMAL.^, 

The  avocados  of  Guatemala  form  a  very  distinct  group.  They 
are  at  once  the  mosi;  marked  and,  from  a  commercial  standpoint,  the 
most  promising  type  for  introduction  into  our  tropical  possessions. 
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The  most  peculiar  characteristic  of  the  Guatemalan  avocados  is  the 
uniiijual  texture  of  the  skin.  Unlike  the  Mexican  and  West  Indian 
types,  which  are  those  usually  found  in  our  northern  markets,  the 
Guatemalan  fruit  is  covered  with  a  skin  so  thick  and  un^'ielding  that 
it  suggests  the  sliell  of  a  nut.  If  pressed  inward  with  the  finger, 
instead  of  bending  or  tearing,  the  skin  breaks  with  a  granular 
fracture. 

To  judge  from  Acosta's  account,  the  avocados  of  Peru  have  a  skin 
similar  to  those  in  Guatemala,  though,  curiously  enough,  in  Costa 
Kica,  midway  between  these  two  cguntries,  not  a  single  hard-skinned 
form  was  ob.ser\'ed.  In  all  the  Guatemalan  varieties  the  seed  coats 
adhere  closely  to  each  other  and  to  the  cotyledons  over  nearly  the 
entire  surface.  In  this  respect  they  resemble  the  Mexican  and  differ 
from  the  Cuban  and  Porto  Bican  forms,  which  have  the  seed  coats 
distinct  from  each  other,  the  outer  coat  nsunlly  adhering  to  the  flesh. 
The  flesh  of  the  Guatemalan  forms  frequently  contains  objectionable 
fibers,  but  in  many  cases  it  is  entirely  fiberless.  In  every  case  the 
line  of  division  between  the  flesh  and  the  skin  is  distinct,  and  the 
fle.sh  can  be  scoo|>ed  out  with  a  spoon  and  the  skin  scraped,  agreeing 
in  this  regard  with  the  Cuban  forms  and  differing  from  those  of 
Mexico  and  Porto  Rico,  where  there  is  no  marked  line  between  the 
flesh  and  the  skin,  and  where,  if  care  be  not  taken  in  using  the  spoon, 
portions  of  the  skin  are  taken  up  with  the  flesh.  Fruit  of  this  type 
is  borne  on  the  tall,  spreading  trees  common  in  Guatemala.  The 
leaves  are  narrower  and  longer  than  in  the  West  Indian  type,  about 

23  cm.  (including  the  petiole,  which  is  about  2.5  cm.)  by  7.5  cm. 
wide,  acuminate  at  the  apex,  tapering  at  the  base.  Leaves  smooth 
above,  with  depressed  veins;  below,  the  veins  are  prominent,  with 
numerous  fine  hairs,  and  the  surface  is  glaucous,  with  scattered  fine 
hairs. 

Although  in  a  general  way  belonging  to  one  type,  the  avocados  of 
Guatemala  that  came  under  the  writer's  observation  can  be  sepa- 
rated into  thi'ee  forms  capable  of  more  or  less  definite  delimitation. 

T/ii/'k-sA-inned  round  (PI.  V).^This  is  the  most  common  type  in 
the  eastern  part  of  Guatemala.  There  is  great  diversity  in  size  and 
quality  among  the  sjwciniens  included  under  this  form,  and  some  of 
those  found  nt  Guatemala  City  appear  to  be  distinct,  but  they  are 
not  easily  separated  by  forma!  characlers. 

Form  nenrly  Bplipricnl :  color  vnrjiiig  from  (Inrk  green  to  dark  brown  or 
nearly  Mnck;  skin  hnr<l  hwI  iiii.vleliliiiK,  lirenkiiiK  nither  tliiui  tenrlnR,  never  less 
than  2  mm.  in  tlili'knesR.  Knuiuliir  In  texture:  flpxli  dixtinctl;  UlfTerentiated 
fram  tile  Bklii.  often  sep:iriite(1  fnini  It  wlien  fuUr  rt|)e;  need  ns  broad  as  or 
broader  tbnn  \tmg,  roundnl  tit  tlie  iipex.  The  ttvo  seed  conts  nre  so  united 
nB  to  be  Indlstlngulxbnble,  tind  when  fully  ripe  ndlicre  closely  to  tbe  seed, 
except  nt  a  fiinnll  nren  neitr  the  biise.  \\'hen  tbe  green  fruit  Ib  o|H>ned  tlie  seed 
coats  often  leave  tbe  seed  and  iidbcre  to  the  fleub. 
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Tlie  liettpr  Kpecimens  of  this  and  the  following  form  are  probably 
the  most  promising  for  introduction  into  Porto  Rico,  owing  to  the 
thick  skin,  good  keeping  qualities,  and  fine  flavor.  In  the  wftrm  and 
extremely  moist  climate  of  Alta  Vera  Paz,  specimens  of  this  form 
were  in  perfect  condition  two  weeks  after  picking.  Specimens  sent 
by  mail  from  Ccban  to  Washington,  while  overripe  on  arrival,  showed 
no  outward  evidence  of  decay,  and  were  still  in  condition  to  withstand 
rough  handling. 

Thic/.'Skinned  oval  (PI.  IV). — This  description  was  drawn  up  to 
cover  two  specimens  purchased  at  different  times  in  the  market  of 
Guatemala  City. 

Form  oral  or  oblong;  surface  roughened  wirii  knolw;  skin  thick  and  iinrleld- 
ing,  hreiiking  ratber  than  tearlug,  gninuliir  In  teitnre;  flesh  distinctly  differen- 
tiated friun  the  akin ;  seed  longer  than  brond.  rounded  at  the  afiex,  covered  when 
ripe  with  a  mealy  substance ;  coats  adlierlng  closely  to  the  seed  and  sepaviitlng 
from  the  flesh  when  ripe. 

Soft-skinned  Guatemalan. — Fruit  pyriform ;  surface  slightly  rough- 
ened, shining,  skin  thick,  soft,  and  yielding,  tearing  rather  than 
breaking,  distinct  from  the  flesh;  flesh  free  from  fibers,  firm,  not 
darker  near  the  skin.  Seed  almost  spherical,  with  the  outer  coat  pro- 
duced into  an  acute  point ;  seed  coats  closely  united  to  each  other  and 
to  the  cotyledons  except  at  the  base  and  apex. 

This  form  can  hardly  be  considered  a  true  Guatemalan  type,  as  it 
lacks  the  characteristic  hard  skiu.  It  resembles  the  Cuban  type  in 
many  particulars,  but  differs  from  it  in  having  the  seed  coats  ad- 
hering closely  to  the  cotyledons  over  the  greater  part  of  the  surface 
and  in  having  the  outer  seed  cont  produced  beyond  the  apex  of  the 
cotyledons.     It  more  nearly  resembles  the  Costa  Rican  type. 

In  Guatemala  there  are  at  least  two  other  species  of  Persea  that 
yield  edible  fruit.  These  are  known  among  the  Indians  of  Alta 
Vera  Paz  by  the  names  "  coyo  "  and  "  coyocte."  Both  are  generally 
considered  very-inferior  fruits,  though  some  prefer  the  "coyo'"  to 
the  avocado.  In  Alta  Vera  Paz  the  "  coyo  "  and  the  avocado  flower 
at  about  the  same  time,  but  the  fruit  of  the  "  coyo  "  ripens  at  least  a 
month  earlier,  a  fact  which  may  lend  interest  to  the  species  in  efforts 
to  extend  the  season. 

In  the  highlands  of  central  Guatemala  the  avocado  is  found  in 
regions  that  are  occasionally  subjected  to  temperatures  below  freez- 
ing. The  fruit  is  of  good  size  and  quality,  and  the  thorough  explora- 
tion of  this  region  offers  interesting  possibilities  in  the  securing  of 
more  hardy  forms. 

i-ORTO  Rim. 

The  avocados  of  Porto  Rico    (PI.   II),  although  showing  great 
diversity  of  form,  are  apparently   very  closely  related,  indicating 
25523— No.  T7— 05  M 1 
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possibly  that  they  are  the  result  of  a  single  introduction.  Compared 
with  the  types  of  the  mainland  thus  far  studied,  their  affinities  seem 
to  lie  with  Mexican  avocados.  From  these  they  are  distinguished 
chiefly  by  the  character  of  the  seed,  the  Porto  Rican  type  having  the 
two  seed  coats  distinct,  the  outer  usually  adhering  to  the  flesh,  the 
inner  more  or  less  closely  attached  to  the  cotyledons.  In  this  respect 
this  type  also  differs  from  all  the  continental  forms  thus  far  observed. 
From  the  avocados  of  Costa  Rica  it  is  further  distinguished  by  the 
texture  of  the  skin,  which  is  much  thinner  and  softer  than  the  Costa 
Rican  type.  In  this  latter  regard  it  is  still  further  separated  from 
the  Guatemalan  avocados  with  their  hard,  almost  brittle  skins.  From 
the  Cuban  type  it  is  separated  by  the  thinner  skin  and  the  fact  that 
the  flesh  and  skin  are  not  sharply  differentiated. 

Form  oval  or  p;rlforin,  with  or  without  a  prolonged  neck  ;  color  green,  iisunllf 
Ilgbt;  surface  shining  and  fllmost  smooth;  akin  thin  and  soft,  tearing  rather 
than  breaking ;  desh  not  differentiated  from  the  skin ;  seMI  spherli-al,  oral,  or 
Bllghtl;  pointed;  the  two  seed  coats  entirely  distinct,  the  outer  usually  cllntdng 
to  the  flesh  and  the  Inner  to  the  cotyledons. 

One  specimen  from  San  Jose,  Costa  Rica,  seems  to  correspond 
closely  with  the  Porto  Rican  forms,  the  only  difference  being  a 
slightly  thicker  and  more  distinctly  differentiated  skin. 


The  Mexican  varieties  show  the  greatest  diversity  of  form,  and  also 
a  considerable  range  of  color.  With  the  exception,  however,  of  three 
special  forms  to  be  mentioned  later,  fhej'  seem  to  intergrade  and  form 
a  connected  series.  They  are  at  least  much  more  closely  related  to 
each  other  than  they  are  to  those  found  in  other  countries. 

Although  many  of  the  Mexican  avocados  were  of  really  excellent 
flavor,  none  were  seen  that  appeared  particularly  desirable  for  intro- 
duction. 

The  following  is  a  general  description  covering  the  more  character- 
istic features  of  the  Mexican  type : 

Form  splierlcfll,  oval,  oblong,  or  pyrlform;  color  varying  from  green  to  almost 
black;  surface  nhlnlng  and  almost  smooth:  akin  thin  and  soft,  tearing  rather 
than  brisaking;  flesh  not  differentlnted  from  the  skin;  seed  splierlcni.  oval,  or 
pointed  ;  the  two  seed  coats  closely  united  and  usually  attached  to  the  seed  over 
the  greiiter  iiart  of  its  surface. 

Taj.arhila  (PI.  III).— This  sort  was  first  observed  at  TapachiUa, 
Chiapas,  Mexico,  where  a  single  tree  was  found  growing  in  the  park. 
The  same  or  a  very  similar  variety  was  afterwards  found  in  Costa 
Rica. 

Form  of  fruit  obovate  or  slightly  pyrlform ;  color  bright  green ;  surface  shin- 
ing and  with  slightly  raised  points  wtiHe  at  the  top:  skin  thin  and  leathery; 
flesh  but  Imperfectly  differentiated  from  the  sblu;  seed  nearly  round.    Tlie  tree 
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rather  short  and  spreading.    The  learea  broadly  acuminate,  almost  transverse 
at  base,  the  broadest  part  of  the  blade  usonlly  m  the  proximal  portion. 

This  is  apparently  one  of  the  most  desirable  of  the  thin-skinned 
sorts.  Fully  matured  fruit  was  seen  neither  in  Mexico  nor  in  Coftta 
Eica ;  consequently  the  character  of  the  seed  coats  could  not  be  deter- 
mined. The  Costa  Kican  specimens,  while  closely  resembling  the 
Mexican  tree  in  the  shape  of  the  leaves  and  habit,  as  well  as  in  the 
form  and  peculiar  markings  of  the  fruit,  differ  in  having  ovate  seeds, 
while  in  the  Mexican  specimen  the  seeds  are  nearly  round. 

Long  neck. — Of  the  two  samples  included  in  this  description  one 
is  from  Tapachula;  the  other  was  purchased  in  the  Washington  mar- 
ket and  was  probably  from  Cuba.  The  resemblance  is  doubtless 
confined  to  formal  characters. 

Form  elongated,  with  a  very  long  enrved  neck ;  color  green ;  surface  shining 
and  somewhat  wrinkled ;  skin  soft,  tearing  rather  than  breaking ;  Qesb  distinctly 
differentiated  from  the  skin :  seed  decidedly  longer  than  broad,  rounded  at  the 
apex ;  seed  cavity  extending  Into  the  neck  beyond  the  apex  of  the  seed ;  the  two 
seed  coatH  entirely  distinct. 

The  flavor  and  texture  of  this  form  are  very  good,  but  it  will 
probably  not  prove  to  be  a  good  shipper, 

Clingntone:- — This  most  aberrant  form  was  found  only  once  in  the 
City  of  Sfexico.  It  is  so  very  diflferent  from  the  ordinary  avocados 
that  it  would  seem  that  it  must  belong  to  a  distinct  species.  Nothing 
was  learned,  however,  concerning  the  nature  of  the  tree,  and  the 
natives  classed  it  with  the  other  "  aguacates." 

Fomi  elongated:  color  light  green;  skin  soft  and  pliable,  the  surface  some- 
what shrunken  and  wrinkled;  flesh  granular  In  texture  and  almost  tasteless, 
adhering  closely  to  the  seed ;  seed  narrow  and  pointed ;  .the  two  coats,  If  they 
jxlst,  can  not  be  separated. 

The  oddity  of  this  form  is  its  only  recommendation. 


The  avocados  of  Costa  Kica  show  a  greater  diversity  of  color  th;tn 
those  of  any  other  country  visited  by  the  writer,  ranging  a-s  they  do 
from  almost  white  to  black  through  various  .shades  of  green,  red,  and 
purple.  There  is  also  a  great  variety  of  shapes.  Still,  with  the 
exception  of  the  "yas"  (PI.  VIII ),'  they  form  a  very  connected  series 

'  In  the  Tropenpflanzer  for  September.  1903,  C.  Werckle  refers  this  fruit  to 
Pernea  frigiin  Linden,  ii  name  of  doubtful  vulWity.  It  is  e:«'luded  from  Mez's 
Lauracete  Amerlcame  and  placed  among  the  s|)ecie!'  whose  descriptions  were  nn- 
knowiu  The  statement  by  Werckle  that  this  siktIch  extends  lieyond  the  frost 
line  makes  It  of  possible  Importance  for  hybrlUiKhiK.  should  It  be  desired  to 
extend  the  culture  of  this  fruit  Into  subtroiiknl  regions. 
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and  are  easily  distinguished  from  those'  of  other  countries.     As  a 
group  they  may  be  characterized  as  follows : 

fruit  Bplierit-al,  pyrlforni,  or  gourd-sliaped :  color  green,  red,  pnrple.  or  nearly 
blKPk ;  skin  rather  tbiok,  soft.  diutlDct  from  tlie  flesb.  Seed  spherical  or  n-lth 
unly  tlie  outer  seed  coat  produced  loto  a  point :  seed  coats  closely  united  to  each 
otber  nnd  to  tbe  cotyledons  over  almost  the  entire  surface. 

Ill  the  market  at  San  Jose,  Costa  Rica,  one  specimen  was  found 
that  could  not  be  distinguished  from  the  common  Porto  Rican  type 
except  that  the  slcin  was  somewhat  thicker  than  any  observed  in  Porto 
Rico.  A  few  samples  of  a  form  not  elsewhere  seen  were  also  found 
in  the  same  market.  These  were  slender  nocked,  with  the  seed  cavity 
extending  into  the  neck,  the  seed  was  oblong,  the  skin  very  thin  and 
not  distinct  from  the  flesh,  which  was  slightly  darker  near  the  skin. 
These  siiecimens  had  a  very  fine  flavor  and  wonld  be  desirable  for 
local  consumption;  the  thin  skin,  however,  would  probably  prevent 
their  being  successfully  shipped.  Of  the  ordinary  type  none  was 
seen  that  had  marked  desirable  qualities. 


The  avocados  of  Cuba  are  closely  related  to. those  of  Porto  Rico, 
the  principal  differences  being  the  thicker  skin  of  the  Cuban  fruit 
and  the  fact  that  in  the  Cuban  forms  the  skin  is  quite  distinct  from 
the  flesh,  which  is  not  darker  near  the  skin.  The  thicker  skin  may 
explain  why  Cuban  fruit  reaches  New  York  in  better  condition  than 
that  of  Porto  Rico. 

Fruit  pyrirorm  or  nearly  spherical;  surface  smooth  and  shining;  skin  thick. 
Boft,  nnd  yielding;,  teurini;  Instead  of  hrenklnK.  distinct  from  the  flesh:  fleah 
free  from  llhur?,  Arm,  not  darker  near  the  skin.  Seed  nearly  spherical  of 
iwtntetl :  seed  coats  entirely  distinct  from  eacli  other  and  from  the  cotyledons. 
Flavor  iMior. 

Specimens  on  which  this  description  was  based  were  found  in  the 
Washington  market  and  were  said. to  have  come  from  Cuba  via  New 
York.  The  flai'or  was  veiy  insipid,  which  may  have  resulted  from 
the  fruits  having  been  picked  when  immature,  or  to  overripeness. 


A  series  of  specimens  shipped  fi^om  Honolulu  to  New  York  shows 
a  soft-skinned  fruit,  in  general  like  the  avocados  of  Costa  Rica,  but 
much  larger. 

Form  oval,  oblong,  or  pyrlforni;  color  green  or  purple;  nearly  smooth. 
shining;  skin  soft,  of  varying  thlcknesK;  flesh  distinctly  dllTerentlated  from 
the  skin;  seed  lunger  than  hroad,  varlouHly  sbnped;  the  t»'o  seed  coats  usually 
united  and  adhering  to  the  cotyledons,  except  at  the  bnse  and  apex. 
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A  peculiarity  not  observed  elsewhere  is  that  of  maturing  several 
fruits  in  s  cluster.  In  most  countries  all  the  fruits  of  a  cluster, 
except  one,  drop  when  very  small. 

OUIiTUBK. 

The  avocado  ivas  in  all  probability  planted  and  more  or  less  cared 
for  by  the  natives  of  America  Iwfore  the  advent  of  the  Spaniards,  for 
although  Oviedo  in  his  first  account  of  the  fruit  in  the  northern  part 
of  Colombia  .says  that  the  Indiana  apply  no  work  to  these  ti'ees, 
he  later  adds  that  "  in  the  province  of  Nicaragua  they  are  placed  by 
hand  in  the  gardens  of  the  Indians  and  cultivated  by  them."  Their 
culture,  however,  must  have  been  of  the  crudest  sort,  limited  probably 
to  the  mere  planting  of  the  seeds,  perhaps  of  the  more  desirable  kinds, 
near  their  houses  and  affording  tlie  young  plants  some  slight  protec- 
tion. Nothing  that  corresponds  to  culture  in  the  niodern  sense  was 
applied  to  the  avocado  until  the  fruit  was  taken  hold  of  by  the 
planters  of  Florida. 

PROPAGATION    BY   SEED. 

The  avocado  tree  is  propagated  almost  entirely  by  means  of  seed, 
the  uniformity  of  the  fruit  in  many  localities  indicating  that  certain 
forms,  at  least,  come  true. 

Like  most  tropical  fruits,  the  seed  of  the  avocado,  if  dried,  will  not 
retain  its  vitality  for  any  length  of  time,  and  should  be  planted  as 
soon  as  possible  after  it  is  removed  from  the  fruit.  If  carefully 
packed  so  as  to  conserve  the  moisture,  the  seeds  can,  however,  be  kept 
alive  long  enough  to  permit  of  their  being  sent  to  any  part  of  the 
world.  A  very  successful  method  of  accomplishing  this  is  to  pack 
thfem  in  slightly  moistened  charcoal  placed  in  a  closed  receptacle, 
such  as  a  wooden  or  tin  box. 

It  is  recommended  that  the  avocado  be  planted  where  it  is  to 
remain,  as  the  long  taproot  makes  it  difficult  to  transplant.  If 
transplanted  when  small  this  will,  however,  be  no  great  obstacle. 
The  spacing  will  depend  largely  on  the  variety  and  the  location,  but 
should  be  from  15  to  30  feet. 

ASEXUAL  PROPAGATION. 

The  avocado  is  ordinarily  considered  a  refractory  subject  for  graft- 
ing or  budding.  (Jrafting  is,  indeed,  seldom  practiced,  but  the  prac- 
ticability of  budding  is  now  fully  demonstrated.  Rolfs"  gives  an 
account  of  the  methods  practiced  in  Florida,  where  the  matter  has 

"The  Avocado  In  Florida,  Bui.  «1,  Bureau  of  Plant  Industry.  U.  S.  Dept  ot 
Agriculture. 
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i-eceived  the  most  attention.  The  chief  diflSculty  there  is  in  causing 
tho  buds  to  start  after  they  have  taken.  It  may  be  that  this  difficulty 
is  on  account  of  unfavorable  climatic  conditions,  for  at  the  Hope 
Gardens,  in  Jamaica,  Mr.  T.  J.  Harris,  under  the  direction  of  Hon. 
William  Fawcett,  has  budded  the  avocado  in  large  numbers  with  the 
loss  of  hardly  a  bud.  The  operation  is  successfully  performed,  not 
only  by  experienced  hands,  but  students  who  are  budding  for  the  first 
time  are  quite  as  successful  with  the  avocado  as  with  the  orange  or 
other  plants  which  are  usually  considered  easy  to  bud.  Mr.  Harris's 
method  is  practically  the  same  as  that  recommended  by  Rolfs.  The 
only  difference  that  could  seem  of  any  importance  is  that  the  bud  is 
simply  tied  with  raffia  instead  of  being  wrapped  with  waxed  cloth. 

Mr.  George  W.  Oliver,  of  tlie  United  States  Department  of  Agri- 
culture, states  that  tlie  avocado  is  by  no  means  a  difficult  plant  to  bud. 
A  healthy  stock  is  considered  by  him  the  prime  essential,  and  this  is 
not  often  secured  in  the  greenhouses  of  the  North. 

If  the  method  of  patch-budding  with  old  wood  that  has  been  found 
successful  with  the  mango  can  be  used  with  the  avocado  it  would 
greatly  facilitate  the  introduction  of  desirable  varieties. 


Like  a  great  many  tropical  plants,  the  avocado  is  less  exacting  in 
regard  to  soil  than  it  is  with  respect  to  climatic  and  other  condition?^ 
The  drainage  and  the  amoimt  of  protection  that  the  soil  receives  from 
the  heat  of  the  sun  are  probably  the  most  important  factors.  Trees 
can  be  seen  growing  in  a  great  variety  of  soils,  but  always  in  local- 
ities with  good  drainage.  On  the  other  hand,  they  are  seldom,  if 
ever,  found  in  perfectly  open  places,  with  the  bare  ground  around  the 
roots  exposed  to  the  sun.  The  heavy  clay  soil  common  in  Porto  Ric«) 
seems  well  adapted  to  their  culture,  provided  the  trees  are  placed  on 
ground  sufficiently  sloping  to  secure  good  drainage.  The  avocado  is 
ut  present  absent  from  the  low,  flat  lands  of  the  island,  and  it  is 
extremely  doubtful  whether  it  would  succeed  in  such  localities. 

TLIMATE. 

The  avocado  in  its  native  state  is  a  strictly  tropical  plant,  and  none 
of  the  varieties  thus  far  recorded  is  able  to  stand  any  but  the  lightest 
frosts.  Although  requiring  tropical  conditions,  it  thrives  best  in  a 
somewhat  more  moderate  climate  than  the  mango,  and  it  will  seldom 
be  seen  in  the  extremely  hot  localities  where  the  mango  often  lux- 
uriates. This  may.  however,  be  dne  to  a  lack  of  sufficient  moisture, 
as  well  as  to  the  high  temperature.  On  the  other  hand,  the  avocado 
will  be  foimd  growing  at  much  higher  altitudes,  and  here  again  it  is 
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not  plain  whether  the  reduced' temperature  or  the  increased  moisture 
is  the  determining  element. 

To  be  successfully  grown,  the  tree  must  be  planted  in  protected 
situations  if  the  locality  is  at  all  subject  to  high  winds;  for  the  wood 
is  not  strong  enough  to  withstand  any  severe  strain,  while  the  large 
fruit  would,  of  course,  be  beaten  off  by  any  high  wind  occurring  when 
it  was  reaching  maturity. 

In  Guam,  according  to  Mr,  W.  E.  SafFord,  although  rei>eatedly 
introduced,  the  avocado  has  never  succeeded,  owing  to  the  huri'icanes, 
which  invariably  kill  the  ti-ees  tliat  otherwise  do  well.  The  injury 
in  this  case  is  due  to  the  excessive  rainfall  as  well  as  to  the  high  wind, 
a  wet  situation  being  fatal  to  this  plant. 

CULTIV.\TION. 

The  avocado  is  seldom  regularly  cultivated,  so  that  little  can  be 
said  of  it  in  this  connection  except  in  the  way  of  conjecture.  The. 
best  fruit  now  produced  is  probably  fi-oni  trees  that  receive  little  or 
no  care.  This  may,  however,  be  due  to  the  fact  that  the  countries 
where  such  fruit  is  grown  possess  superior  varieties  or  that  the  nat- 
ural conditions  are  more  favorable,  and  should  not  be  taken  as  indi- 
cating that  the  fruit  can  not  be  improved  by  cultivation.  In  Porto 
"Rico  the  trees  in  their  wild  state  iire  such  prolific  bearers  that  there 
seems  little  to  be  desired  in  this  direction. 

The  avocado  would  probably  receive  little  or  no  benefit  from  hav- 
ing the  ground  about  its  roots  stirred,  as  it  is  almost  impossible  to  do 
this  and  prevent  washing  from  the  severe  rains,  and  it  is  much  better 
to  secure  protection  from  some  low-growing  plant  that  will  not  ex- 
haust the  soil.  Legimiinous  plants  would  doubtless  be  the  most  satis- 
factory, and  in  Porto  Rico  there  are  several  that  could  be  so  utilized. 
Some  useful  plant  belonging  to  this  group  might  serve  as  a  catch 
crop  and  at  the  same  time  afl'ord  the  necessary  protection  to  the  soil. 

In  France  it  has  been  recommended  that  grafted  plants  be  grown 
on  fruit  walls,  in  the  same  manner  as  citrus  trees. 

IMPROVEMENT. 

If  experiments  in  improving  avocados  through  breeding  have  been 
tried  the  results  seem  never  to  have  been  published.  Individual 
growers  must  have  done  mon'  or  less  selecting,  and  accounts  of  their 
i-esults  would  doubtless  l>e  of  considerable  value  to  breeders. 

The  points  to  be  kept  in  luind  in  any  attempt  to  improve  the 
avocado  are:  (1)  Shipping  qualities,  (2)  unifonnity.  (3)  extension  of 
season,  (4)  seed  reduction,  (-5)  texture,  (6)  flavor,  (7)  yield,  (8)  size, 
(9)  resistance  to  cold. 


idbyGoOglC 


THE   AVOCADO. 


To  the  growing  of  avocados  in  other  than  subtropical  regions  there 
is  [jerhaps  no  obstacle  so  gi-eat  as  the  difliculty  of  placing  the  fruit 
on  the  northern  markets  in  good  condition.  To  overcome  this,  more 
can  lie  expected  from  the  introduction  of  new  varieties  and  improved 
methods  of  packing  and  shipping  than  from  any  changes  bi-ought 
about  by  cultural  means.  Any  advance,  however,  that  can  he  made 
in  the  keeping  and  shipping  qualities  will  be  of  the  greatest  impor- 
tance. 

Under  the  head  of  varieties  are  discussed  the  thick-skinned  forms 
grown  in  Guatemala,  and  their  introduction  into  Porto  Rico  bids 
fair  to  be  a  distinct  advance.  The  improvement  of  the  existing  forms 
in  this  resjwct  by  hybridization  and  selection  is,  as  with  all  other 
characteristics,  an  untried  field.  The  chief  drawback  is,  of  course, 
the  length  of  time  that  must  elapse  before  the  young  plants  reach 
fruiting  age.  The  tree  can,  however,  be  grown  with  little  care;  and 
with  the  experiments  carefully  outlined,  so  that  the  desired  results 
may  be  kept  in  view,  the  trouble  and  expense  would  not  be  great,  and 
in  time  some  really  valuable  resiilts  might  be  expected. 

UNIFOBMITT, 

With  the  avocado,  as  with  other  fruits,  a  regular  market  can  only 
be  ex|)ected  when  there  is  a  i-egular  supply  of  a  uniform  product.  In 
Porto  Rico  the  fruit  varies  in  form  from  almost  spherical  to  those 
that  have  a  long,  curved  nock.  The  extremes  probably  represent 
distinct  wild  s^trains,  but  the  fruit  seems  to  come  true  to  seed  to  only  a 
limited  extent,  and  anything  like  perfect  uniformity  can  only  be 
expected  with  asexually  propagated  plants,  Rolfs*  shows  that  the 
varieties  in  Florida  do  not  come  true  to  seed. 


Extension  of  season  is  an  important  desideratum,  especially  in  the 
direction  of  later  fruiting  forms,  the  desirability  of  which  is  consid- 
ered farther  on.  Advance  in  this  direction  is  likely  to  be  made  by 
the  introduction  of  new  varieties  and,  perhaps,  by  extending  the  cul- 
tivation of  the  trees  to  regions  of  more  continuous  moisture  where  the 
season  of  flowering  cm  be  to  some  extent  controlled.  The  tree  flour- 
ishes in  many  localities  where  it  fails  to  l)ear  fruit,  and,  as  with  the 
mango,  this  sterility  is  usually  found  in  localities  of  ahnost  continu- 
ous humiditY.     Under  such  conditions  an  artificial  check,  such  as 
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root  pruning,  has  been  found  to  induce  flowering  and  the  setting  of 
fruit.  This  can  easily  be  overdone,  however,  in  which  case  the  trees 
will  bear  one  large  crop  and  then  die. 

Some  of  the  most  prolific  trees  are  those  grown  in  rather  small 
depressions  of  porous  rock  in  southern  Florida,  where  the  plants  are, 
in  a  manner,  root-bound,  while  the  porous  nature  of  the  rock  affords 
good  drainage.  There  are  a  number  of  ways  in  which  the  growth 
may  be  checked  and  the  yield  increased.  The  baring  of  the  roots  to 
the  sun  would  appear  a  very  satisfactory  method.  A  custom  of  hack- 
ing the  trees  to  make  them  bear  is  practiced  by  the  Indians  of  Mexico. 
In  any  case  where  the  fniiting  is  induced  by  artificial  means  the 
season  will  be  more  or  less  under  control. 


SEED  RBDUCnON. 

In  most  forms  of  avocado  the  seed  forms  a  considerable  proportion 
of  the  bulk  of  the  fruit,  and  its  reduction  is  to  be  desired.  Aa 
pointed  out  by  Rolfs,  it  is  important  that  the  seed  should  fill  the 
cavity,  as  otherwise  the  movement  of  the  seed  during  shipment 
damages  the  pulp. 

Modern  discoveries  in  evolution  and  plant  breeding  make  it  evident 
that  the  character  of  seedlessness  in  a  fruit,  though  rarely  secured, 
may  be  sought  in  either  of  two  ways:  (1)  If  the  plant  is  normally 
open  fertilized,  self-fertilization  and  selection  for  a  number  of  gen- 
erations will  in  many  cases  produce  sterility,  and  consequently  seed- 
lessness. (2)  By  artificiallj-  pollinating  the  flowers  with  pollen 
from  a  variety  or  species  so  far  removed  that  the  fertilization  is  im- 
perfect, the  exocarp  or  other  parts  of  the  fruit  that  are  entirely  the 
product  of  the  female  parent  may  develop,  while  the  seed,  which  is 
the  result  of  the  union  of  the  male  and  female  elements,  remains 
small  or  is  aborted  entirely. 

As  the  avocado  is  open  fertilized,  the  first  method  mentioned  is 
perhaps  more  simple,  but  will  take  more  time,  and  this  is,  of  course,  a 
great  disadvantage  with  fruits  that  are  so  long  in  coming  to  bearing. 

The  second  method  necessitates  sufiicient  skill  to  effect  hybridiza- 
tion, and  this  of  the  most  difiicult  kind,  but  has  the  advantage  of 
securing  much  quicker  returns. 

The  element  of  time  is  of  so  mucli  importance  that,  if  possible,  all 
methods  should  be  tried  simultaneously. 

Rolfs"  states  that  a  seedless  avocado  has  been  discovered  in 
Florida,  but  does  not  say  whether  the  fruit  is  otherwise  desirable 
or  not. 

a  Bui.  61,  Bureau  of  Plant  luduetry,  U.  S.  Dept  of  Agriculture,  19(R 
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The  fine,  creamy  texture  of  the  avocado  plays  an  important  part 
in  winning  admirers  of  this  fruit.  If  free  from  fiber,  the  texture  is 
usually  not  unlike  that  of  very  soft  cheese.  Lack  of  uniformity  is 
the  greatest  danger,  for  if  the  flesh  is  uniform  and  free  from  fiber  it 
leaves  little  to  be  desired.  The  manner  in  which  the  fruit  is  ripened 
probably  has  more  to  do  with  the  uniformity  and  nature  of  the 
texture  than  does  the  variety.  Poorly  formed  fruit,  or  fruit  that 
has  been  picked  too  green,  will  often  have  the  flesh  soft  and  dis- 
colored in  some  places,  usually  near  the  skin,  while  the  remainder 
is  hard  and  unripe.  Careless  packin^r,  so  that  the  fruit  is  subjected 
to  pressure  at  some  point,  will  also  bring  about  this  undesirable 
condition.  For  shipping,  the  fruit  must,  of  course,  be  picked  green, 
and  to  insure  uniformity  in  ripening  it  must  be  packed  with  the 
greatest  care. 


So  far  as  observed,  the  most  delicious  and  highly  flavored  avocados 
are  some  of  the  small,  thick-skinned,  and  thin-fleshed  forms  of 
southern  Mexico  and  Central  America.  The  advantage,  however, 
is  slight,  there  being  much  more  uniformity  in  the  flavor  of  the 
different  forms  of  the  avocado  than  in  most  fruits.  A  really  poor 
or  disagreeable  flavor  has  never  been  noted,  except,  perhaps,  in  cases 
where  the  fruit  ripened  unevenly,  and  then  it  is  usually  due  to  the 
part  eaten  being  either  green  or  overripe.  Improvement  in  this 
character  might  slowly  be  brought  about  by  selection,  or  perhaps  by 
crossing  with  some  of  the  small  and  more  highly  flavored  forms. 


Avocados  have  been  subjected  to  careful  cultivation  for  such  a 
short  time  that  little  is  known  concerning  the  conditions  that  influ- 
ence yield.  As  with  most  tropical  plants,  climate  has  probably  a 
greater  influence  than  soil,  and  judging  from  the  fact  that  in  nature 
the  trees  frequently  drop  their  leaves  before  the  fruit  matures,  it  may 
be  expected  that  a  rather  decided  alternation  of  wet  and  dry  seasons 
is  an  essential. 

In  Hawaii  it  appears  that  several  fruits  in  the  same  cluster  mature. 
This  has  never  been  observed  in  Central  America  or  the  West  Indies, 
where  large  numbers  of  the  fruits  set,  but  all  but  one  of  each  cluster 
drop  while  still  young. 

If  commercial  fertilizers  are  applied,  it  would  seem  that  the  proper  . 
time  is  immediately  after  the  young  fruits  have  set. 
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The  largest  avocados  that  have  come  to  eur  immediate  notice  are 
those  in  Porto  Rico.  {PI.  II.)  Travelers  in  Colombia,  however, 
report  much  larger  fruit,  and  both  Hawaii  and  Florida  probably 
produce  fruit  as  large  or  larger  than  any  in  I'orto  Rico.  I^arge  size 
in  the  avocado  is  not  such  a  prime  essential  as  with  many  fruits. 
Even  a  medium-sized  fruit  is  usually  large  enough  for  two  people, 
and  large  samples  might  with  a  certain  class  of  buyers  be  less  desir- 
able. Of  course,  this  should  not  be  taken  to  mean  that  a  tree  that 
bears  large  fruit  is  less  desirable  than  one  that  bears  small  fruit,  but 
only  that  it  might  not  be  well  to  go  to  much  trouble  or  expense  to 
secure  varieties  that  excel  only  in  size.  With  improved  cultivation 
the  size  of  the  fruit  will  doubtless  be  increased  to  some  extent  with- 
out the  introduction  of  new  forms. 


An  avocado  able  to  withstand  slight  frosts  would  place  the  industry 
in  Florida  and  California  on  a  much  more  secure  footing.  Forms 
having  this  quality  are  likely  to  be  found  in  the  highlands  of  Central 
America  and  Mexico.  A  form  from  Monterey  that  withstands  light 
frosts  has  already  been  introduced  into  California  and  Florida. 
With  this  form  the  blossoming  season  is  so  early  that  in  California 
the  cold  weather  frequently  destroys  the  crop.  The  importance  of 
more  hardy  forms  is  apparent  from  the  statement  of  certain  Cali- 
fornia growers  that  if  relieved  of  the  danger  and  loss  from  frosts 
the  avocado  would  be  the  most  profitable  fruit  to  grow,  there  being  a 
ready  market  and  good  prices. 

DISEASES. 

The  only  diseases  of  the  avocado  thus  far  reported  are  those  men- 
tioned by  Rolfs'  as  occurring  in  Florida.  Similar  diseases  doubt- 
less exist  in  other  localities  and  will  be  reported  as  soon  as  the  cul- 
ture receives  the  same  attention  that  has  l>een  given  it  in  Florida. 

Trees  of  the  round  thick-skinned  form  growing  in  Guatemala 
were  found  to  have  their  leaves  badly  infested  with  galls  and  also 
were  eaten  by  a  caterpillar.  Apparently  the  same  galls  were  here 
found  growing  on  the  wild  relative  of  the  avocado — the  "  coyo." 

D.  L.  Van  Dine  "  figures  an  avocado  leaf  infested  with  mealy  bug. 
So  far  as  known  the  flesh  of  the  fruit  is  never  troubled  with  insect 

"Bui.  61,  Barean  of  Plant  Industry,  U.  S.  Itept.  of  .\Brlciilture,  ISKH. 
^Insecticides  for  Use  iu  Hawaii,  Bui.  3,  Hawaii  Agrluultural  Experiment 
Station,  1903. 
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pests,  a  remarkable  fact  if  true,  for  the  flesh  would  seem  to  form  an 
ideal  medium  for  their  depredations. 

The  seeds  of  some  of  the  smallest  forms  in  the  City  of  Mexico  were 
found  inf  est«d  with  the  larva;  of  an  insect,  and  at  Tapachula,  Mexico, 
the  cotyledons  frequently  showed  large,  black  excrescences,  the  nature 
of  which  could  not  be  determined.  Neither  of  these  troubles  ap- 
peared to  injure  the  fresh  fruit,  but  if  the  fruit  was  kept  for  any 
length  of  time  they  might  become  sources  of  decay, 

lo  Jamaica  a  fungous  disease  that  affects  coffee  trees  is  said  to  be 
definitely  associated  with  the  roots  of  dying  avocado  trees.  It  is 
described  in  the  following  extract  :* 

A  coffee  planter  suffered  serious  lossea  from  the  suddea  dying  out  of  trees 
on  certain  fields.  As  guano  bad  been  employed  as  a  fertilizer  on  these  lands 
Bome  years  before,  tbe  planter  attributed  tbe  mischief  to  tbe  fertiliser. 

Od  visiting  tbe  cultivation,  1  found  tbat  tbe  damage  was  caused  by  a  root 
fungus  and  tbat  tbere  was  a  definite  connection  l>etween  the  roots  of  dying  or 
dead  avocado  pear  trees  and  tbe  affected  coffee.  Microscopic  examination 
confirmed  tbls  view.  1  bave  examined  similar  samples  from  otber  parts  of  tbe 
Island  wbicb  confirm  tbe  view  that  tbe  penr  should  not  be  grown  on  any  lands 
Intended  for  subsequent  cultivation. 

THE  AVOOAIK}  IN  FOSTO  BIOO. 

With  the  possible  exception  of  the  pineapple,  the  avocado  is  per- 
haps the  only  fruit  which  Porto  Rico  is  at  present  producing  of 
sufficiently  high  quality  to  enable  it  to  compete  successfully  with 
the  fruits  furnished  by  the  more  highly  developed  tropical  regions. 
The  quantity  is  also  sufficient,  although  the  season  is  at  present  short, 
to  warrant  the  opening  of  a  trade  with  the  United  States, 

First  among  the  difficulties  is  the  fact,  already  noted,  that  the 
public  is  at  present  little  acquainted  with  this  rather  unusual  form 
of  fruit.  There  is,  however,  already  demand  enough  to  show  that  it 
is  likely  to  suit  the  American  taste.  Again,  the  fruit  reaches  our 
public  in  such  small  quantities  that  few  have  a  chance  to  test  it. 

That  Porto  Rico  does  not  participate  in  the  small  consignments 
that  are  now  received  in  the  United  States  is  largely  owing  to  the 
difficulty  in  shipping  the  fruit  so  that  it  will  reach  ite  destination  in 
a  marketable  condition.  With  the  varieties  now  in  Porto  Rico  it 
seems  doubtful  whether  this  can  be  done  except  by  shipment  in  cold 
storage.  There  are  numerous  other  difficulties  with  the  present  con- 
ditions which  would  have  to  be  taken  into  account  l>efore  success 
can  be  assured.  The  trees,  though  numerous  in  the  aggregate,  are 
BO  scattered — there  being  no  plantations — that  it  is  difficult  to  secure 
anything  like  uniformity  in  the  shipments.  The  natives  allow  the 
<>  H.  H.  Cousins.  June  23,  1904,  Supplement  to  Jamaica  Gazette,  IM. 
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fruit  to  become  nearly  ripe  before  it  is  gathered,  in  which  condition 
it  will  probably  not  ship  well  even  in  cold  storage.  The  fruit  is  not 
carefully  gathered,  bnt  is  knocked  off  the  trees,  a  method  which  com- 
pletely destroys  the  keeping  qualities  of  the  varieties  now  growing 
in  Porto  Rico. 

The  shortness  of  the  season  is  another  obstacle  in  the  way  of  mak- 
ing the  shipping  profitable.  This  can  probably  be  lengthened  to  a 
considerable  extent  by  the  introduction  of  new  varieties  and  the 
proper  selection  of  the  localities  where  the  fruit  is  grown.  Ship- 
ments made  from  Porto  Rico  would,  however,  fare  much  bettor  if 
they  could  be  supplemented  by  shipments  from  other  countries  in 
which  the  fruit  ri[>ens  at  a  different  season.  Porto  Rico,  Mexico, 
Central  America,  Hawaii,  Florida,  and  California  can  probably 
supply  the  United  States  with  avocados  throughout  the  entire  year. 

By  placing  the  fruit  in  cold  storage  it  would  doubtless  reach  New 
York  in  a  salable  condition.  This  would  be,  however,  a  continuous 
expense,  even  if  it  were  found  that  the  fruit  was  uninjured,  and  a 
variety  that  will  ship  at  ordinary  temperatures  would  have  decided 
advantages.  That  such  varieties  exist  is  demonstrated  by  the  success- 
ful shipment  of  Cuban  fruit.  It  is  furthermore  believed  that  the 
thick-skinned  varieties  of  Guatemala  will  prove  even  better  keepers 
than  those  of  Cuba. 

In  establishing  the  industry  in  Porto  Rico  the  first  step  is,  conse- 
quently, the  introduction  of  better  shipping  varieties. 

THE  AVOCADO  IN  HAWAIL 

Very  fine  avocados  are  grown  in  the  Hawaiian  Islands,  particu- 
larly on  Oahu,  in  the  vicinity  of  Honolulu. 

The  chief  difficulty  here  is  the  danger  from  high  winds,  confining 
the  industry  to  sheltered  localities. 

Prices  in  Hawaii  are  high  in  comparison  with  most  regions  where 
the  fruit  is  grown,  and  San  Francisco  affords  a  ready  market.  On 
page  40  is  a  short  account  of  an  experimental  shipment  in  cold 
storage,  showing  that  by  this  means  the  fruit  can  be  shipped  not 
only  to  San  Francisco,  but  to  points  as  distant  as  New  York. 

THE  AVOCADO  HT  FLOBDDA. 

The  culture  and  propagation  of  the  avocado  have  recently  received 
greater  attention  in  Florida  than  in  any  other  locality.  A  special 
bulletin  on  the  subject  by  Mr.  P.  H.  Rolfs,  pathologist  in  charge  of  the 
Subtropical  Laboratory  at  Miami,"  gives  the  status  of  the  culture  in 
that  region,  together  with  directions  for  cultivation,  asexual  methods 
of  propagation,  descriptions  of  forms,  eto. 

«  Bql,  01,  Bureau  of  Plaat  luduatry,  U,  S.  pejit  of  Agriculture,  1901, 
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In  spite  of  the  fact  that  nearly  all  of  the  avocados  north  of  the 
southern  end  of  Merritts  Island  were  killed  to  the  ground  by  the  freeze 
of  1894-95,  showing  the  avocado  to  be  no  more  hardy  than  the  mango, 
planters  have  been  by  no  means  discouraged.  Orchards  of  consider- 
able size  exist  and  the  asexual  propagation  of  the  better  forms  is  being 
rapidly  pushed.  There  seem,  however,  to  be  but  two,  or  possibly 
three,  well-marked  types  in  Florida,  and  the  chances  of  securing  desir- 
able varieties  for  asexual  propagation  might  be  greatly  increased  by 
the  introduction  of  some  of  the  better  forms  from  Central  and  Soutli 
America.  In  Florida  the  shipping  quality  of  the  fruit  is  not  of  such 
prime  importance  as  in  Porto  Rico,  and  consequently  the  choice  of 
varieties  should  differ  in  the  two  localities. 

'  THE  ATOOADO  HT  OAI.IFOBNIA. 

The  growing  of  avocados  in  California  is  at  present  restricted  to 
the  very  limited  frost- free  areas.  In  many  localities  where  the  frosts 
are  very  light  they  would  do  little  or  no  damage  did  they  not  occur  at 
the  time  of  blossoming,  thus  destroying  the  crop. 

A  slightly  later  flowering  variety  would  avoid  this  and  considerably 
extend  the  range  of  culture. 

There  is  a  good  local  market  for  avocados  in  California,  prices 
being  fully  as  high  and  the  fruit  as  popular  in  San  Francisco  as  in 
the  eastern  cities. 

BBABHra  AGE  AKS  LITE  OF  TBES. 

In  favorable  localities  avocado  trees  will  come  into  bearing  about 
the  fourth  year  from  the  seed.  In  more  temperate  regions,  like 
southern  Europe,  it  requires  six  or  seven  years.  Budded  or  grafted 
trees  should  come  into  bearing  somewhat  earlier.  If  the  tree  makes  a 
gotid  growth,  the  yield  should  continue  to  increase  until  the  tenth  or 
twelfth  year. 

The  next  point  to  be  considered  is  the  probable  life  of  the  free, 
Ramon  de  la  Sagra  gives  this  as  about  80  years.'  This  is  probably  not 
a  high  estimate,  for  very  old  trees  are  common  in  most  tropical 
countries.  In  the  opinion  of  Mr.  Henry  Davis'  trees  are  still  grow- 
ing iti  the  northern  part  of  Peru  which  antedate  the  advent  of  the 
Spanish  settlei-s.  Some  of  these  trees  are  fully  three  feet  in  diameter. 
Neither  do  old  trees  appear  to  become  less  productive. 


The  yield  of  an  avocado  tree  when  in  full  bearing  is  quoted  as  rang 
ing  from  50  to  500  fruits.  In  Hawaii  the  yield  is  said  to  be  from  50 
to  250  fruits,  being  larger  in  alternate  years.     There  is  an  actual 


'  Hnwiillnii  Torester  luiil  Agriculturist,  2 ;  ( 
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record  of  a  tree  in  California  that  yielded  500  fruits  in  its  eighteenth 
year.  In  Porto  Kico,  while  none  were  actually  counted,  the  average 
yield  of  a  full-grown  tree  would  surely  seem  to  be  above  100. 

Kotfs  states  that  the  yield  is  usually  overestimated  owing  to  the 
fact  that  trees  with  few  or  no  fruits  are  overlooked.  An  orchard  of 
110  trees  of  bearing  age,  near  Buenavista,  Fla.,  was  found  in  1903  to 
yield  an  average  of  only  10  fruits  per  tree.  The  most  prolific  tree 
bore  385  fruits. 


The  degree  of  maturity  which  the  fruit  should  attain  before  it  is 
picked  depends,  of  course,  on  the  length  of  time  it  must  be  kept. 
There  is,  however,  no  evidence  that  the  quality  is  improved  by  fully 
ripening  on  the  trees,  and  in  countries  where  the  fruit  is  gathered 
for  local  consumption  it  is  customary  to  pick  and  store  it  several  days 
before  eating. 

In  most  varieties  when  the  fruit  is  fully  ripe  the  seed  does  not 
entirely  fill  the  central  cavity,  but  whether  it  should  reach  this  stage 
before  picking  has  not  been  definitely  determined. 

This  failure  of  the  seed  to  fill  the  cavity  is  probably  due  to  a  slight 
shrinking  of  the  flesh,  the  result,  possibly,  of  evaporation  after  the 
fruit  has  ceased  to  receive  nourishment  from  the  tree.  The  beginning 
of  this  process  would  seem  to  indicate  the  maturity  of  the  fruit.  In 
the  absence  of  definite  information  it  seems  probable  that  the  best 
results  will  be  obtained  with  fruit  picked  when  fully  grown,  but 
before  it  has  begun  to  ripen.  Dybowski"  recommends  that  the  red 
varieties  be  picked  as  soon  as  they  begin  to  color  and  the  green  ones 
when  the  color  begins  to  become  lighter.  Many  of  the  green  varieties, 
however,  do  not  change  color  appreciably  on  ripening. 

METHOD  OF   OATHEBINO. 

The  picking  of  the  fruit,  although  a  matter  of  prime  importance, 
is  one  that  has  been  given  no  consideration.  In  Florida,  where  the 
avocado  has  received  the  most  careful  attention,  the  trees  seldom 
reach  a  height  at  which  it  is  impracticable  to  use  stepladders,  but  in 
Ihe  Tropics,  if  the  trees  are  at  all  luxuriant,  they  place  most  of  the 
fruit  entirely  beyond  this  method  of  access.  In  these  countries  the 
fruit  is  usually  knocked  from  the  trees  with  long  poles  or  the  tree  is 
climbed  and  the  fruit  shaken  to  the  ground,  which,  of  course,  ruins 
its  keeping  qualities  and  causes  it  to  ripen  unevenly. 

■■  iVaite  Pratique  ties  Cultures  Troplcnles,  491,  1902, 
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Until  some  satisfactory  method  is  devised  for  gathering  the  fruit 
without  bruising  and  with  the  stems  attached,  the  shipping  qualities 
of  the  fruit  from  tall  trees  are  likely  to  prove  unsatisfactory. 

The  wood  of  the  avocado  tree  is  so  brittle  as  to  make  tlie  use  of 
ladders  impracticable,  and  this,  together  with  the  fact  that  the  fruit 
is  borne  far  out  on  the  ends  of  the  branches,  also  makes  it  impossible 
to  gather  the  fniit  by  climbing  the  tree^. 

It  would  seem  that  the  most  feasible  method  of  gathering  avocados 
would  be  the  using  of  some  form  of  mechanical  fruit  picker,  mounted 
on  a  slender  pole.  Numerous  styles  of  this  implement  are  to  be 
found  on  the  market,  but  perhaps  none  will  answer  the  purpose  with- 
out altei-ation. 

The  fruit  picker  that  seems  best  adapted  is  one  that  has  a  cloth 
tube  along  the  side  of  the  pole  into  the  upper  end  of  which  the  fruit 
drops  and  down  which  it  slides  into  a  basket  attached  to  the  waist 
of  the  operator.  Most  of  the  pickers  of  this  type,  however,  have 
merely  clnws  to  pull  the  fruit  from  the  trees,  and  it  may  be  necessary 
to  combine  this  cloth  tube  with  one  of  the  long  pruning  instruments 
that  are  on  the  market,  that  the  fruit  may  be  cut  and  not  pulled  from 
Uie  trees. 

Fruit  pickers  so  constructed  as  to  pick  the  fruit  by  cutting  the  stem 
are  on  the  market,  but  these  for  the  most  part  catch  the  fruit  in  a 
little  basket  or  bag  at  the  end  of  the  pole  and  necessitate  the  lower- 
ing of  the  picker  from  the  tree  after  two  or  three  fruits  are  picked, 
whereas  the  arrangement  first  described  need  not  be  lowered. 

C.  Riviere"  calls  attention  to  the  fact  that  the  avocados  common  on 
the  south  side  of  the  Mediterranean  and  in  Madeira  and  the  Canary 
Islands  are  very  short  stemmed  or  sessile,  whereas  the  American 
forms,  so  far  as  known,  all  have  comparatively  long  stems,  though 
varying  greatly  in  this  regard.  The  writer  also  calls  attention  to 
the  fact  that  the  long-stemmed  forms  are  more  desirable,  it  being 
difficult  to  pick  those  that  are  nearly  sessile  without  pulling  the  fruit 
from  the  stem  and  thus  injuring  the  keeping  qualities  of  the  fruit. 

PACKING   AND   SHIPPING. 

The  laclt  of  good  shipping  qualities  in  the  avocado  is  probably  the 
most  serious  obstacle  to  the  rapid  development  of  the  industry  in 
the  West  Indies  and  is  certainly  the  chief  reason  why  Porto  Rico 
does  not  participate  in  the  small  shipments  that  are  now  made  to 
New  York.  That  it  is  possible  without  cold  storage  to  ship  avocados 
from  Cuba,  while  all  experiments  with  the  Porto  Rican  fruit  have 
proved  failures,  makes  it  evident  that  a  study  of  the  causes  of  this 

0  Journal  d'Agricnlture  Trojilcale,  222,  July,  lOOi. 
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difference  is  of  prime  importance.  It  is  believed  that  the  better 
keeping  and  shipping  qualities  of  the  Cuban  avocados  are  due  to  the 
characteristics  of  the  fruit  rather  than  to  differences  in  gathering 
or  packing.  Indeed,  this  might  be  inferred  from  the  appearance  of 
the  fruit,  that  of  Cuba  having  a  thicker  and  harder  skin  than  the 
Porto  Rican  forms.  The  introduction  of  the  thick'-fkinned  varieties 
from  Guatemala  should  give  Porto  Rico  a  decided  advantage,  for  it 
is  believed  that  the  Guatemalan  forms  will  prove  even  better  shippers 
than  those  of' Cuba. 

Though  avocados  are  successfully  shipped  from  Cuba,  Florida, 
Mexico,  and  other  places  to  northern  cities,  and  many  different  styles 
of  packing  are  employed,  little  can  be  learned  from  these  experiments 
,  as  to  the  best  method,  since  no  account  is  taken  of  the  variety  of  the 
fruit,  which  is  undoubtedly  a  more  important  factor  than  the  method 
of  packing.  That  avocados  from  Cuba,  wrapped  in  newspaper  and 
packed  in  large  crates,  have  come  through  in  better  shape  than  those 
from  Porto  Rico,  wrapped  in  tissue  paper  and  packed  in  crates  only 
one  layer  deep,  does  not  necessarily  indicate  that  the  former  method 
of  packing  was  superior,  but  it  may  mean  that  the  Cuban  fruit  was 
such  a  good  shipper  that  it  kept  in  spite  of  the  inferior  method  of 
packing. 

From  a  comparison  of  the  different  methods  of  packing  that  are 
practiced,  taking  into  consideration  as  far  as  possible  the  nature  of 
the  fruit,  it  seems,  however,  that  the  avocado,  like  most  tropical 
fruits,  keeps  best  when  packed  in  such  a  manner  as  to  be  protected 
from  jars  or  any  undue  pressure  and  in  such  a  way  that  the  fruit 
is  well  ventilated.  Another  important  consideration  with  the  thin- 
binned  forms  is  that  they  be  packed  so  that  the  individual  fruits 
do  not  come  in  contact  with  each  other,  for,  even  with  the  greatest 
care,  bruised  fruits  will  frequently  be  included.  These  will  rapidly 
decay,  and  if  not  isolated  will  induce  decay  in  those  with  which  they 
come  in  contact.  This  danger  is  much  less  with  the  thick-skinned 
forms. 

These  conditions  are  very  satisfactorily  met  by  packing  the  fruits 
in  fine  excelsior  or  some  similar  suhsttince  in  rather  open  cases  that 
are  not  so  large  as  to  prevent  those  on  the  inside  from  being  ven- 
tilated. If  the  fruits  be  wrapped,  it  should  be  with  some  porous 
paper,  but  where  they  are  separated  from  each  other  this  precaution 
would  seem  imnecessary  or  even  detrimental. 

The  amount  of  ventilation  the  fruit  should  receive  undoubtedly 
depends  on  the  variety  and  still  more  directly  on  the  temperature, 
fruit  in  cold  storage  requiring  little  or  no  ventilation. 

The  best  results  in  the  shipments  to  New  York  of  avocados  from 
Cuba  have  been  obtained  with  the  fruit  wrapped  in  newspaper  and 
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packed  in  open  crates  but  one  layer  deep.  Tissue  paper  was  tried, 
but  it  was  said  not  to  offer  sufficient  support  and  did  not-  prove  as 
satisfactory  as  the  newspaper. 

Florida  growers  report  that  they  experience  no  difficulty  in  packing 
their  fruit  so  that  it  reaches  the  northern  market  iii  good  condition. 
The  more  careful  shippers,  however,  pack  the  wrapped  fruit  ir. 
excelsior. 

The  few  experiments  that  have  been  tried  in  shipping  Porto  Bican 
avocados,  other  than  in  cold  storage,  have,  so  far  as  can  be  learned, 
resulted  in  every  case  in  almost  complete  failure.  Little  could  be 
learned  as  to  the  methods  of  packing  that  were  employed.  In  one 
case,  however,  the  fruit  after  being  wrapped  in  tissue  paper  was 
again  wrapped  in  oiled  paper.  In  this  instance  the  fruit  was  prac- 
tically all  rotten  when  it  reached  New  York.  It  seems  more  than 
probable  that  the  fruit  would  have  shipped  better  without  the  oiled 
paper,  as  this  packing  would  very  effectually  prevent  all  ventilation, 
a  necessity  at  all  ordinary  temperatures.  A  very  important  consid- 
eration in  the  keeping  qualities  of  fruit,  brought  to  the  writer's 
attention  by  Mr.  William  A.  Taylor,  of  the  Department  of  Agricul- 
ture, is  the  climatic  conditions  that  prevail  at  the  time  the  fruit  is 
packed.  Fruit  packed  in  a  dry  climate  has  been  found  to  keep  much 
better  than  the  same  fruit  packed  when  the  atmosphere  is  moist. 
This  is  doubtless  true  of  the  avocado  and  may  explain  the  successful 
shipment  from  southern  Mexico  to  New  York  of  varieties  that  appear 
to  differ  but  slightly  from  those  of  Porto  Rico. 

OOU)  STORAOX. 

In  cooperation  with  Mr.  William  A.  Taylor,  pomologist  in  charge 
of  field  investigations,  and  Mr.  Jared  G.  Smith,  director  of  the 
Hawaii  Agricultural  Experiment  Station,  an  experiment  was  tried  of 
shipping  avocados  in  cold  storage  from  Hawaii  to  New  York  City. 

Five  crates  of  avocados  were  packed  and  shipped  in  cold  storage 
from  Honolulu  about  September  25,  reaching  San  Francisco  on 
October  4.  From  San  Francisco  they  were  expressed  to  Lodi,  Cal., 
and  during  this  transfer  they  were  exposed  to  air  temperatures  for 
from  six  to  eight  hours.  At  Lodi  they  were  again  placed  in  iced  cars 
and  sent  directly  to  New  York  City,  where  they  arrived  on  October 
20.  The  fruit  was  consigned  to  Messrs.  Lane  and  Son,  who  forwarded 
samples  to  Washington.  It  will  thus  be  seen  that  the  fruit  was 
thirty  days  in  transit.  Although  the  majority  of  the  samples  were 
found  to  have  suffered  from  the  long  trip,  some  of  the  lots  were  in 
good  condition,  thus  demonstrating  that,  with  a  knowledge  of  how  to 
handle  the  fruit,  even  the  more  delicate  forms  can  be  successfully 


idbyGoOglC 


MARKETING.  41 

gripped  in  cold  storage,  provided  the  fruit  is  not  more  than  three  or 
four  weeks  in  transit. 

That  this  experimental  shipment  was  hardly  a  fair  test  is  shown 
by  the  statements  of  Mr.  J.  E.  Higgins.  who  superintended  the  ship- 
ping of  the  fruit  at  Honolulu.     In  a  letter  to  Mr.  Taylor  he  says : 

Most  of  the  peHTH  were  by  no  ineaDH  reiireReotative.  Tbe  pear  season  waa 
iibont  over  wheu  we  leumed  from  you  tliut  there  waa  an  opportunity  to  make 
ttte  eiperltneutal  Bhipnu^iit.  Tlie  rniitn  were  Inferior  In  Bisie,  only  tboee  miirked 
F  13  being  Hrst-fliiMH  ap«lmenn  In  thiw  reK|)e(t.  It  1)eiug  tlie  end  of  the  neuiton, 
tbe  froltB,  thougb  hnrd,  were  of  course  quite  fully  matured.  Tbe  fruit  was 
picked  several  days  before  the  fnllliiK  of  tbe  steiimer  and  was  held  In  «)ld 
storage  until  It  L-ould  be  received  iit  tbe  tihlp. 

Shipments  of  avocados,  made  at  air  temporatures,  are  frequently 
placed  in  cold  storage  ns  s(h»ii  us  they  reach  New  York.  This  process 
is  reijorted  to  in  the  effort  to  hold  the  fruit  for  the  fall  trade,  and, 
even  though  the  loss  Ixs  heavy,  the  increased  price,  still  makes  it  ii 
profitable  procedure.  There  is  a  very  un(»>rtain  element  involved  in 
this,  for  with  fruit  that  apix^ai-s  unifonn  wlien  placed  in  cold  storage 
some  comes  out  in  ()erfectly  sound  condition,  while  the  remainder  will 
be  completely  decayed.  This  lack  of  uniformity  in  the  keeping  quali- 
ties is  probably  due  to  the  ditFcrent  degrees  of  maturity  at  which  the 
fruit  is  picked  and  to  the  conditions  to  which  it  has  been  subjected  in 
transit,  it  being  very  difficult  to  detect  such  differences  from  the  out- 
ward appearance  of  the  fruit. 

As  to  the  liest  temperature,  amount  of  ventilation,  method  of  pack- 
ing, etc.,  little  is  known,  Dybowski"  states  that  shipments  have  been 
made  in  cold  storage  from  the  Antilles  to  Fran<'c,  and  that  a  tenii>era- 
ture  of  2°  C.  (35.5°  F.)  was  found  the  most  satisfactory.  He  recom- 
mends that  the  fruit  l»e  wrapped  in  pniwr  and  packed  in  uxcfdsior. 
Shipments  made  in  this  way  ai-e  said  to  reach  France  in  good 
condition. 

KABSETINO. 

The  market  for  avocados  is  at  present  a  limited  one,  the  fruit 
being  still  somewhat  of  a  novelty.  It  is,  however,  steadily  increasing 
and  from  pn-sont  indications  will  keep  pace  with  the  supply.  The 
.fruit  is  already  fashionable,  and  if  unifonnity  in  the  supply  both  as 
regards  quantity  and  quality  cciuld  ln'  ^iccuivd  and  the  prices  some- 
what reduced,  as  could  well  l)e  the  case  were  large  quantities  of  the 
fruit  handled,  its  popularity  would  rapidly  increase- 
Lack  of  classification  is  perhaps  the  greatt^t  hindrance  to  the 
development  of  a  regular  market.  Fruits  more  widely  different  than 
"  Ben  Davis  "  and  "  Northern  Spy  "  apples  are  all  classed  as  avocados 
without  further  distinction.     This  lack  of  classification   is  accom- 

•Traitf"  Prntique  ilew  Culhires  Tr-ipiciileM.  4r*>,  IWia. 
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panied  with  a  corresponding  lack  of  uniformity  and  must  seriously 
hinder  the  growth  of  the  trade.  Not  only  may  two  shipments  of 
avocados  be  totally  unlike,  but  the  individual  shipments  often  con- 
tain distinct  forms  of  a  widely  different  character.  Plates  VI  and 
VII  show  two  samples  from  the  same  box.  These  fruits,  so  distinct 
in  form,  were  no  less  different  in  flavor,  and  both  were  very  inferior. 
The  size  and  external  appearance,  as  well  as  the  price  (36  cents 
apiece),  would  lead  one  to  expect  that  he  was  purchasing  fair  speci- 
mens of  the  fruit,  but  if  an  opinion  was  formed  from  such  i^pecimens 
as  these  it  could  hardly  be  other  than  that  the  fruit  was  insipid  and 
in  no  way  worth  the  price  asked. 

In  sections  where  the  fruit  is  unknown  a  demand  is  more  rapidly 
created  by  inducing  hotels,  clubs,  etc.,  to  include  this  article  in  their 
menus  tlian  by  merely  exhibiting  the  fniit  in  the  markets,  for  while 
many  might  be  led  to  purchase  samples  of  this  strange  fruit  if  seen 
in  the  market,  they  would  frequently  be  ignorant  of  its  use  as  a 
salad,  in  which  ease  they  would  probably  pronounce  it  insipid  and 
might  be  deterred  from  further  trials.  On  the  contrary,  anyone  tast- 
ing f<^r  the  first  time  the  prepared  salad  would  usually  be  pleased 
and  would  be  likely  to  investigate  the  source  of  the  new  dish. 

In  Washington  this  fruit  has  sufficient  admirers  to  warrant  the  fre- 
quent insertion  of  a  notice  in  the  papers,  by  dealers,  to  the  effect  that 
a  shipment  of  avocados  is  on  hand.  The  shipments,  though  small, 
are  fairly  regular,  and  there  are  one  or  two  places  where  the  finiit 
can  usually  be  found  during  the  season. 

In  the  present  state  of  the  market  there  is  nothing  like  a  fixed  price 
for  avocados.  In  New  York  and  Washington  the  usual  retail  price 
may  be  said  to  be  about  25  cents  for  good  fruit;  60  cents  is,  however, 
frequently  asked  for  fine  fruit,  and  fair  specimens  can  sometimes  be 
purchased  as  low  as  10  cents.  This  low  figure  is,  however,  never 
reached  except  in  cases  where  large  shipments  have  failed  to  be  dis- 
posed of  and  the  fruit  is  in  serious  danger  of  spoiling. 

With  reference  to  the  San  Francisco  market,  Alexander  Craw 
states:" 

Sound  "Dvocado  penrs"  always  meet  wltb  a  ready  market  In  San  Francisco, 
and  at  gockl  prices,  at  times  ranging  (ruin  f2  to  $5  per  dozen,  retail,  for  good 
rruit.  Occasionally  there  is  a  heavy  drop,  owing  to  the  arrival  of  overripe  or 
badly  packed  fruit.  In  selecting  nrotado  i>ears  for  distant  miirketB  see  that 
they  are  as  nearly  full  grown  as  possible,  but  bard.  On  no  account  should  the 
fruit  be  plucked  from  the  ti-ee.  but  clipped  with  pruning  slieom.  leaving  but  a 
very  short  portion  of  the  stem — not  over  half  an  inch  In  length.  On  no  account 
must  any  leaves  be  packed  with  the  fruit,  or  the  horticultural  quarantine  offlcers 
of  the  Faclflc  i)orts  will  demand  the  unpacking  of  such  consignments,  as  oece- 
Hionally  a  few  scales  are  Found  on  the  follnge,  but  not  on  the  fruit 

<■  Hawaiian  Forester  and  Agriculturist,  2:  67, 1002. 
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The  following,  taken  from  the  Crop  Reporter  of  the  Department  of 
Agriculture,  January,  1903,  gives  some  indication  of  the  prices  in 
England : 

WItb  regard  to  tbe  Dewer  fruits  wblcb  nre  attracting  attention  In  the  English 
markets,  there  are  several  which  call  for  special  reference.  Among  such  are  the 
nvocfldo  pears.  These  pears  are  high  priced,  selling  from  Is.  to  la.  S<L  (24  to 
30  cents)  each,  retail. 

HARK£T 8 


The  regular  season  for  avocados  is  in  the  siimmer  and  the  early 
autumn,  the  bulk  of  the  fruit  being  received  during  the  months  of 
August  and  September.  This  is  the  most  unfavorable  time  for  a 
tropical  fruit  of  this  kind  to  be  placed  on  the  market,  for  not 'only 
does  it  come  in  competition  with  the  fall  fruits,  but  at  this  time  large 
numbers  of  the  admirers  of  this  fruit  are  away  from  the  cities  at 
summer  resorts,  and  in  order  to  reach  the  best  class  of  customers  the 
fruit  must  be  reshipped.  This  feature  of  the  trade  is  so  important 
that  commission  merchants  can  afford  to  hold  the  fruit  in  cold  storage 
for  this  class  of  customers  until  they  return  to  the  cities,  and  this  in 
spite  of  the  fact  that  the  fruit  reaches  them  in  such  an  advanced 
stage  that  but  a  very  small  percentage  is  salable  when  taken  from 
cold  storage.  In  cities  like  New  York,  the  Cuban  and  Spanish  popu- 
lations are  always  ready  to  purchase  avocados,  but  this  class  will  buy 
only  at  a  comparatively  low  price,  which  under  present  conditions 
serves  merely  to  protect  the  merchants  from  total  loss.  Florida 
growers  say  that  for  fruit  that  they  can  hold  until  the  latter  part  of 
September  or  into  October  they  can  ask  their  own  price.  It  will  thus  be 
seen  that  it  is  of  the  greatest  importance  to  secure  late-maturing  sorts. 

With  the  improvement  of  transportation  facilities  and  good  ship- 
ping varieties  the  northern  markets  can  probably  be  supplied  with 
avocados  every  month  in  the  year.  In  fact,  February  is  probably  the 
only  month  during  which  no  avocados  are  received  in  New  York, 
Outside  of  the  regular  season,  however,  the  shipments  consist  of  a  few 
fruits  brought  in  the  ships'  ice  boxes.  Of  these,  the  earliest  are  said 
to  come  from  Colombia  and  the  latest  from  Santo  Domingo.  A  pos- 
sible schedule  would  be  as  follows:  Florida,  Porto  Rico,  and  Cuba, 
June  to  November;  Hawaii,  September  to  December;  Mexico,  De- 
cember to  March;  Central  America,  March  to  June.  To  dealers  fa- 
miliar only  with  the  West  Indian  type  of  fruit  the  shipping  of  avo- 
cados fipm  such  distant  points  as  Central  America  will  seem  entirely 
impracticable.  The  keeping  qualities  of  the  thick-skinned  forms  of 
Central  America  make  this,  however,  not  at  all  impossible  provided 
the  picking,  packing,  and  shipping  be  handled  in  an  intelligent  man- 
ner. Indeed,  -small  shipments  have  already  been  made  from  the  City 
of  Mexico  to  New  York  via  Los  Angeles,  where  the  fruit  was  re- 
packed, and  this  with  a  comparatively  thin-skinned  variety^  , 
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Viewed  from  the  standpoint  of  tlie  producer,  however,  the  ques- 
tion is  not  how  Clin  the  market  be  supplied  throughout  the  entire  year, 
but  how  can  avocados  be  produced  in  our  own  possessions  at  a  time 
to  command  the  best  prices,  'loo  great  confidence  should  not  be 
placed  in  the  introdmrtion  of  early  or  late  fruiting  varieties  from 
other  countries,  for  the  season  of  fruiting  is  to  a  great  extent  the 
result  of  climatic  conditions,  and  an  early  fruiting  form  in.  Guate- 
mala if  transferred  to  Porto  Rico  might  K>on  become  no  earlier  than 
the  native  kinds.  In  a  general  way  the  fruiting  season  is  found  to 
ivi  about  the  beginning  of  the  rains.  In  Porto  Rico  different  parts  of 
the  island  exhibit  considerable  disparity  as  to  die  time  that  the  rains 
begin,  and  by  carefully  selecting  localities  with  this  in  mind  the  sea- 
son might  be  materially  extended.  Selection  for  this  character  would 
probably  be  well  repaid,  as  it  has  been  with  so  many  other  fruits,  but 
unless  asexual  methods  of  propagation  are  practiced,  too  much  con- 
fidence should  not  lie  placed  in  the  ability  to  hold  this  or  any  other 
character  obtained  through  close  .selection.  In  localities  witJi  com- 
paratively uniform  climatic  conditions  the  growing  of  avocados 
under  irrigation  might  have  important  advantages,  for  if  any  method 
of  artificially  inducing  the  plants  to  bear  should  be  successful  it 
would  be  possible  to  control  liie  season  by  checking  growth  at  the 
proper  time. 

UETHODS  OF  EATINO. 

By  far  the  most  common  method  of  eating  the  avocado  is  in  the 
form  of  a  salad.  As  such  it  is  eaten  raw  with  a  gi"eat  variety  of 
dressings  and  condiments.  Few  salads  are  so  easily  prepared  as  the 
avocado.  Usually  the  fruit  is  simply  cut  in  half  by  passing  a  knife 
through  the  skin  and  flesh  until  it  comes  in  contact  with  the  seed.  It 
will  then  separate  into  two  cups,  forming  convenient  receptacles  for 
the  seasoning,  which  is  added  a  little  at  a  time  to  suit  the  taste,  and 
the  flesh  is  scooped  from  the  inside  of  the  cup  with  a  spoon.  One 
half  of  the  fruit  is  usually  sufficient  for  a  person  at  a  meal.  The  most 
common  dressing  is  salt.  pf^pl>er,  and  vinegar.  Oil  is  often  added, 
but  unless  the  oil  and  vinegar  are  beaten  into  a  mayonnaise  this 
would  seem  superfluous,  as  the  fniit  is  itself  very  oily.  Lime  or 
lemon  juice  is  often  substituted  for  vinegar. 

\\'hile  the  novice  usually  considers  some  form  of  acid  necessary  to 
add  piquancy,  those  belter  acquainted  with  the  fruit  frequently  eat 
it  with  salt  alone,  and  ni;iny  think  that  even  salt  tends  to  mask  the 
delicious  nutty  flavor,  and  prefer  it  in  its  natural  state  without  any 
seasoning  whatever.  Thei-e  are  a  few  i>eople,  probably  of  Xew  Eng- 
land origin,  who  eat  the  fruit  with  sugar  and  vinegar,  and  some  even 
profess  a  fondness  for  it  with  a  dressing  of  sugar  and  cream. 

If  it  be  desired  to  more  thoroughly  incorporate  the  dressing  the 
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flesh  can  be  removed  from  the  skin  and,  after  mixing  the  whole,  can 
be  returned  to  the  skins  for  convenience  in  serving.  This  is  more 
neatly  accomplished  with  the  thicker  skinned  forms. 

In  Guatemala,  Porto  Rico,  parts  of  Mexico,  and  doubtless  else- 
where, the  avocado  is  sliced  raw  and  added  to  soups.  Even  a  small 
piece  of  the  soft  pulp  crushed  in  a  plate  of  soup  imparts  a  delicate 
flavor,  and  during  the  season  of  avocados  the  baskets  of  people  return- 
ing from  market  are  seldom  without  specimens  of  this  fruit.  In  the 
market  at  Cordova  the  little  piles  laid  out  for  individual  purcbasen^ 
consisted  of  three  or  four  little  fruits  no  larger  than  walnuts,  with 
flesh  not  more  than  one-fourth  of  an  inch  thick.  As  better  fruit 
was  not  to  be  had,  even  these  met  with  ready  sale,  so  indispensable  is 
this  article  of  diet  considered. 

In  French  countries  the  avocado  is  customarily  served  as  an  "  hors 
d'<euvTe.^'  E.  Roul  states  *  that  an  exquisite  dessert  is  made  by  cover- 
ing the  fruit  with  a  dressing  of  cherry  brandy,  sugar,  and  cream 
beaten  almost  to  an  emulsion. 

In  St.  Thomas  the  fruit  is  eaten  with  Port  or  Madeira  wine  and 
lemon  or  orange  juice. 

In  Brazil  the  fruit  is  made  into  a  sort  of  custard  pudding. 

The  following  methods  of  preparing  the  fruit,  as  well  as  that  for 
extracting  the  oil,  were  kindly  furnished  by  Mrs.  William  Owen,  of 
Sepacuite,  Guatemala: 

So.  1. — DWide  In  balf  and  serve  In  tbe  ebell,  as  many  prefer  them  witboat  the 
addition  of  salt 

Ho.  2. — Cut  the  meat  Into  cabea,  mix  with  gafflcient  mayonnulse  to  coat  It 
well,  pat  In  a  platter,  ptle  bigb  Id  tbe  venter,  and  sprinkle  over  hard-boiled  egp 
L-hopped  fine. 

So.  3. — Divide  In  balf  and  carefally  remove  the  meat.  Add  the  yolk  of  a 
hard-bol1e«l  egg  and  one  tablespoonful  of  French  dresnlng  for  each  fruit  rrew 
tbrongh  a  sieve  and  pile  In  the  half  Hbells.  Garnish  the  tops  with  the  white  uf 
the  eggs  chopped  fine,  a  eprlg  of  parsley,  and  one  small  rod  pepper. 

Sandwiches. — Use  thin  slices  of  bread  buttered  thinly ;  spread  on  a  paste  pre- 
pared of  maabed  avocado  mixed  with  a  dressing  of  oil,  salt,  tarragon  vinegar, 
and  a  little  DUtm^. 

Avocado  oil. — Divide  the  fruit  in  half  and  remove  the  seed.  Place  the  tvo 
halves  together  again  and  lay  them  In  a  large  basket  Cover  with  a  cloth  and 
keep  In  a  cool,  dark  place  until  the  meat  turns  bla<4  ;  then  put  them  into  a  coarse 
cotton  bag.  Sew  up  well  and  put  Into  a  press.  The  oil  Is  very  clear,  and  ail 
tbe  Ladlnos  say  It  will  never  become  randd.  They  never  use  It  la  cooking, 
tbougb  It  has  a  pleasant  flavor,  bat  say  It  Is  fine  for  tbe  balr. 

The  following  method  of  preparing  a  salad  with  avocados  is  given 
by  Janet  M.  Hill: » 

Cat  three  ripe  aguacatea  in  halves,  take  out  the  stone  or  seed,  and  scoop  the 
palp  from  tbe  skin.    Add  three  tomatoes,  first  removing  the  skin  and  core,  and 

•>  Sagot  Manuel  I'rutlque  des  Cultures  Troplcales.  197,  1893. 
*  The  Cooking  School  Magazine.  9 :  153,  Oct.,  1904, 
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half  a  green  pepper  pod  cat  in  fine  ebreds.  Cmsb  and  pound  tbe  wbole  to  a 
smootb  mixture,  tben  drain  off  tbe  liquid.  To  tbe  pulp  add  a  teaepooaful  or 
more  of  onion  Juice,  a  generous  teaepoonful  of  salt,  and  about  a  tablespoonful 
of  lemon  Juice  or  vin^ar.  Mix  tboroughlf  and  serve  at  once.  This  salad  maj- 
be  (lerred  at  breakfast,  iuucbeon,  or  dinner. 

In  a  report  of  Mr.  John  R.  Jackson  "  it  is  stated  that  "  it  is  either 
cooked  or  served  as  a  vegetable  with  white  sauce,"  as  well  as  eaten 
as  a  salad.    This  is  the  first  account  noted  of  cooking  the  avocado. 

FOOD  VAI.UX. 

The  results  of  the  chemical  analyses  given  below  show  the  compara- 
tive value  of  the  avocado  for  food  purposes.  For  the  following  table 
and  the  statements  concerning  it  the  writer  is  indebted  to  Dr.  C.  F. 
LangTVorthy,  of  the  Office  of  Experiment  Stations  of  the  Department 
of  Agriculture. 

Analyses  of  the  avocado  have  been  recently  made  at  the  Maine  and 
the  Florida  Agricultural  Experiment  Stations.  ^  The  following  table 
shows  the  results  of  these  analyses  and  includes,  for  purposes  of  com- 
parison, similar  data  regarding  a  number  of  common  food  products: 
OompoHtion  of  the  edible  portion  of  lie  avomdo  and  other  foods. 


1*7010111.       F»t. 


CsrbohydratOB. 


Fuel 
ver 


Avocado  (lUialyied  at  tile  Uaine 
station) 

Avocado  (analyzed  at  the  Florida 
■tatlon) - 

Pickled  ripe  olivffi 

Pickled  sreen  oUvea 

Cocoanuts 

CIiflBtaals,  frosh 

Potatoes _._ 

WbMt  flour 


Pereent.  'Perctnt. 


In  the  avocados  analyzed  at  the  Maine  station  the  edible  portion 
or  pulp  constituted  on  an  average  71  per  cent  of  the  total  weight  of 
the  fruit,  the  seed  20  per  cent,  and  the  skin  9  per  cent.  Prinsen- 
Geerligs,'  in  an  extended  study  of  tropical  fruits,  reports  similar 
values  for  the  avocado — i,  e.,  flesh  67  per  cent,  seed  15  per  cent,  and 
skin  8  per  cent.  As  the  avocado  contains  about  75  to  80  per  cent 
water  and  consequently  20  to  25  per  cent  total  nutritive  material,  it 
is  apparent  that  it  is  more  directly  comparable  with  succulent  fruits 


"  Agricultural  News,  November  7. 
6  Maine  Expt.  8ta.  Bui.  75;    U. 
Eipt  Sta.  Rpt.  1902. 

r  Cbem.  Ztg.,  21 ;  710,  1897, 


Dept,  AgT.,  Farmers'  '. 


.  169;    Florida 
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und  vegetables  than  with  such  foods  as  bread.  As  rqc^rds  the  pro- 
portion of  the  -water,  protein,  crude  fiber,  and  ash,  the  avocado  is  simi- 
lar to  common  fruits  like  the  apple,  pear,  and  banana.  In  the  ca.se 
of  nitrogen-free  extract  (sugar,  starches,  etc.)  the  proportion  reported 
in  the  avocado  was  smaller  than  in  the  other  fruits  mentioned.  The 
high  percentage  of  fat  in  the  flesh  of  the  avocado  is  noteworthy,  a 
large  proportion  of  this  constituent  in  succulent  edible  fruit  being 
very  imusuai.  In  this  respect  the  avocado  suggests  the  olive,  which 
is,  of  course,  very  rich  in  this  constituent,  the  flesh  containing,  accord- 
ing to  recent  analyses  made  at  the  California  experiment  station, 
from  13  to  88  per  cent.  Generally  speaking,  a  higher  percentage  of 
fat  is  found  in  nuts  and  oil-bearing  seeds  than  in  succulent  fruits,  the 
high  fat  content  being  accompanied  by  a  low  water  content,  as  in  the 
case  of  cocoanuts,  cited  in  the  table  on  page  46. 

Avocado  fat  is  solid  or  semiliquid  at  ordinary  temperatures  and  has 
been  separated,  being  known  as  alligator  pear  oil,  Persea  fat,  and 
avocado  oil.  According  to  Andes,"  it  has  at  present  no  commercial 
importance.  Wright  and  Mitchell ''  state  that  avocado  oil  is  very 
similar  to.  laurel  butter  or  bayberry  fat,  from  Laurus  nobtlis,  which 
consists  largely  of  the  glycerid  of  lauric  acid,  together  with  a  little 
myristin  and  other  homologues  and  some  olein.  Olive  oil  is  quite 
different  in  chemical  character,  consisting  of  about  25  per  cent  glyc- 
erids  of  solid  saturated  fatty  acids  (palmitic,  etc.)  and  73  per  cent 
liquid  gycerids,  mostly  olein.  Olive  oil  is  known  to  l)e  a  valuable 
food  product  and  quite  thoroughly  dige.sted.  It  is  presumable  that 
the  avocado  fat  is  also  quite  thorou^Iy  assimilated,  although  little 
can  be  said  definitely  concerning  its  nutritive  value,  as  apparently 
few,  if  any,  investigations  have  been  reported  which  bear  upon  this 
question. 

Prinsen-Geerligs '  studied  the  carbohydrate  constituents  of  the 
avocado  and  reports  1.72  per  cent  total  sugar,  which  is  made  up  of  . 
0.4  per  cent  glucose,  0.46  per  cent  fructose,  and  0.86  per  cent  saccha- 
rose. These  figures,  taken  in  connection  with  the  data  reported  by 
the  Florida  experiment  station  for  the  total  nitrogen-free  extract 
(sugar  and  starch),  would  indicate  that  the  starch  content  is  not  far 
from  3  per  cent. 

Considering  all  the  available  data,  it  seems  fair  to  conclude  that 
the  avocado  has  a  fairly  high  food  value  as  compared  with  other  suc- 
culent fruits,  especially  when  its  fat  content  and  consequently  rather 
high  energy  value  is  considered,  closely  resembling  pickled  olives  in 
this  respect. 

a  Vegetable  Fats  and  OHs,  2W.     ImuAqii,  ISftT. 

»  OHs,  FatB,  Woses,  aud  Their  Miinufactured  I'rodncts.  333,     London,  1003. 

"Loc.  cit. 
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COST  OF  PKODTTCnOV. 

In  calculating  the  cost  of  production,  the  following  are  the  chief 
factors  to  lie  considered  i  Cost  of  land,  cost  of  preparing  the  land, 
seed  and  planting,  cost  of  culture,  age  at  which  trees  bear,  life  of 
trees,  yield,  cost  of  gathering  and  marketing  the  fruit,  price  and 
extent  of  the  market. 

The  cost  of  land  in  tropical  countries  is  governed  very  largely  by 
its  position  with  reference  to  transportation  facilities.  In  Porto 
Rico,  for  example,  land  located  along  the  main  roads  and  valued  at 
$100  nil  acre  could  apparently  be  duplicated  in  localities  5  or  10 
miles  distant  for  $2  or  $3  an  aci-e.  Thus,  the  bulk  of  a  crop  and  its 
adaptability  to  transportation  over  country  roads  are  very  important 
factors.  With  avocados  at  anything  like  the  present  prices  they 
would  constitute  a  very  concentratetl  product,  probably  exceeding 
cotTee  in  pound  for  pound  value.  On  the  other  hand,  the  fruit  must 
be  delayed  as  little  as  possible  after  picking,  which,  of  course,  mili- 
tates against  the  selection  of  land  too  remote  from  a  shipping  point. 

The  cost  of  preparing  the  land  varies  in  diiferent  localities,  but  in 
most  countries  this  item  can  be  et^-imated  with  considerable  accuracy, 
as  land  is  usually  cleared  by  measure. 

With  labor  at  a  reasonable  price  the  seed  and  planting  ought  to 
cost  not  more  than  10  cents  per  tree,  and  this  with  trees  20  feet  each 
way,  making  100  to  the  acre,  would  aggregate  $10.90  an  acre.  The 
cost  of  culture  would  also  vary  greatly  in  different  localities,  but  this 
again  iian  in  each  locality  be  reckoned  with  considerable  accuracy, 
together  with  the  rebate  to  be  allowed  for  catch  crops. 

Where  orchards  are  started  from  choice  varieties  by  asexual 
methods  of  propagation,  an  additional  allowance  will  have  to  be 
made  for  budding  or  grafting. 

Trees  may  be  expected  to  come  into  bearing  about  the  fourth  or 
fifth  year  and  may  yield  crop.s  for  fifty  or  seventy-five  years. 

The  average  yield  per  tree  may  be  reckoned  at  100  fruits,  and 
should  comfe  nearer  500. 

With  a  crop  of  great  value  like  the  avocado  the  cost  of  gathering 
and  marketing  is  relatively  small,  although  the  fruit  must  be  handled 
with  considerable  care,  especially  the  thinner  tinned  forms. 

Tn  the  present  state  of  the  market  the  small  shipments  of  avocados 
that  are  received  usually  retail  at  from  25  to  50  cents  apiece. 

SUTSMARY. 

The  avocado  is  a  tropical  fruit  little  known  in  the  United  States 
but  rapidly  growing  in  popularity.  Its  appreciation  by  the  northern 
public  is  doubtless  retarded  by  a  misunderstanding  of  its  true  charac- 
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ter  as  a  food,  since  it  is  in  reality  a  salad,  being  very  generally  eaten 
with  condiments.  This  unusual  role,  however^  removes  it  from 
direct  competition  with  other  fruits  and  tends  to  make  its  popularity 
permanent. 

This  fruit  is  undoubtedly  of  American  origin,  but  appears  to  have 
been  introduced  into  the  West  Indies  after  their  discovery.  It  was 
an  important  article  of  food  among  the  Indians  of  the  continent  from 
Mexico  to  Peru.  It  is  not  yet  certain  whether  the  cultivated  trees 
belong  to  one  or  more  species,  botanical  writers  having  given  little 
attention  to  the  many  cultivated  sorts.  There  are  many  wild  species 
of  Persea  in  this  region. 

ITiongh  few  varieties  have  been  described,  the  diversity  of  form  is 
very  great.  In  general  this  diversity  seems  to  follow  geographical 
lines,  the  forms  of  any  particular  region  being  more  or  less  closely 
related.  A  very  distinct  type,  with  thick,  hard  skin,  was  found  in 
Guatemala,  which  promises  to  surpass  in  shipping  qualities  the  better 
known  forms. 

The  avocados  now  found  in  the  markets  come  largely  from  Cuba, 
and  the  chief  commercial  difficulty  is  occasioned  by  the  poor  shipping 
qualities  of  the  fruit  and  the  failure  to  distinguish  the  different  vari- 
eties, the  whole  industry  having  suffered  from  the  shortcomings  of 
the  poorer  forms.  Efforts  to  ship  the  delicate-skinned  Porto  Kican 
fruits  have  thus  far  failed.  For  this  island  it  is  recommended  that 
the  hard-skinned  sorts  of  Guatemala  be  introduced.  These,  it  is 
believed,  will  stand  shipping  even  better  than  those  from  Cuba. 
Experiments  have  demonstrated  that  avocados  can  be  successfully 
shipped  in  cold  storage. 

At  present  the  season  for  avocados  in  the  markets  of  the  United 
States  is  the  late  summer  and  early  autumn.  By  importing  from 
different  countries,  however,  the  season  could  be  extended  throughout 
the  entire  year. 

The  plant  requires  a  strictly  tropical  climate,  with  the  possible 
exception  of  some  of  the  hardy  varieties  of  the  Mexican  table-lands, 
and  to  be  prolific  there  should  be  a  distinct  dry  season. 

Young  plants  are  readily  propagated  from  seed,  and  budding  and 
grafting  can  be  accomplished,  the  former  method  being  in  common 
use  in  Florida. 

As  far  as  am  be  judged  from  the  limited  and  irregular  supply,  the 
market  is  good,  especially  in  the  latter  part  of  the  season.  Prices 
range  from  10  to  60  cents  apiece.  Uniformity  as  regards  both  quan- 
tity and  quality  is  the  prime  requisite  for  sustaining  the  market. 

If  anything  like  the  present  prices  can  be  maintained  the  growing 
of  avocados  of  good  shipping  varieties  ought  to  become  a  very  remu- 
nerative industry. 
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BKSORIFTION  OF  FI.ATES. 

Pi^TB  I,     (FrontUpieee.)    Avocado  Wee,  Freehold,  Costa  Rica,     The  broad- 

leaved  tjipe  commonly  fotind  in  the  lowlands. 
Plate  II.    Avocado  fmit.  Porto  Rico.    Large,  fine  flavored  fruit;  bat  lacking  in 

shipping  qualities.     (Natural  size.) 
Plate  III.    Leaf  and  fmit  of  avocado.  Tapachnla,  Mexico.    "  Tapachala.''  one 

of  the  most  desirable  of  the  thin-skinned  forms,  with  oval  leaves.     (Natoral 

size.) 
Plate  IV.    Avocado frait, Qnatemala City. Onatemala.     "Thick-skinned oval," 

one  of  the  best  formB.     (Natural  size.) 
Plats  V.    Avocadofmit.  Guatemala  City,  Guatemala.     "  Thick-skinned  roond.'* 

a  very  thick-skinned  form  that  will  stand  rough  handling  better  than  those 

with  thin  shin.     (Natural  size.) 
Platk  VI.    Avocado  fruit,  Cuba.    Purchased  in  the  Washington  market  Octo- 
ber 27,  1003.    This  and  the  fruit  shown  in  Plate  VII  were  from  the  same  box 

and  retailed  at  85  centa  apiece.    The  fmit  had  probably  been  enbjected  to 

cold  storage.     (Natural  size.) 
Plate  VII.    Avocado  fmit,  Cnba.     (Natural  size.) 
Platb  VIII.    Trait  of  "  Yas"  {Pertea  frigidr^  Linden),  San  Jos^,  Coeta  Rica. 

A  species  of  Persea  said  to  withstand  frosts.     (Natural  size.) 
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BUREAU  OF  PLANT  INDUSTET. 

B  T   OALLOWAY, 

PatMofiat  and  Physioloifia,  and  Chiel  o!  Burtau, 

VEGETABLE  PATHOLOGICAL  AND  PHYSIOLOGICAL  IWESTIGATIONS, 

KtF,  t«ood3,  Patltoiogiit  and  Pliiiitolotlit  in  Charge,  Adint  <^I'''/  !>! Svauin  AbttiKC  of  Ci 

BOTANICAL  INVEBTIOATIOSS  AND  EXPERIMENTS. 

FftEDEBici  V.  CoviLLE,  Bolaniil  in  Charge. 

OEASa  AND  FORAOE  PLANT  INVEST! OATIONS, 

W.  J.  Spillhan,  AgriadlnHtt  in  Ckargt. 

POMOLOGICAL  INVESTIGATIONa. 

O.  fi.  Braceett,  Pomt/logltt  in  Charge. 

SEED  AND  PLANT  INTRODUCTION  AND  DISTRIBUTION. 

A.  J.  PiETERS,  Bolanlit  In  Charge. 

ARLINGTON  EXPERIMENTAL  FARU. 

L.  C.  CoRBiTT,  HorllcuUuriil  in  Charge. 

EXPERIMENTAL  GARDKS8  AND  GROUNDS, 

K.  M.  htnncB.Superinleiulent. 


lOETABLE  PaTUOLOGICAL  AND  PHYSIOLOGICAL  INVEST  10 ATION8. 


AlBBbt  F.  Woods,  Palholoflil  and  Phviiologiil  in  Charge. 
Ebwin  F.  Smith,  Pathologiil  in  Charge  ot  Laboratory  ol  Plant  Pathologv 
Berhebt  J.  Webber,  Pkytiologisl  in  Charge  of  Laboratory  ol  Plant  Breeding. 
WiLTEB  T.  Swingle,  Phyiiologiif  in  Charge  ol  Labcmloru  0}  Plant  Li/e  History. 
-    -  Palhologid  in  Charge  of  ParificCoaai Laboratory. 


M  B.  Pierce, 
\-  -    ■ 

P.  II.  RoIfb, 


SciiRENK.  in  Charge  0}  MitiittippI  Valley  Laboratory. 

fUhotoqi^t  in  Charge  oj  Sabtropiral  Laboratory. 

0,  Paihologitt  in  Charge  ol  Sugar  Beet  Inceitigaliont. 


..  J,  Towksekh,  . ,... 

P.  H.  DonasTTfl  Pathologiit. 
T.  H.  Kearney,  PhysioloaUI.  Plant  Breeding 
Cornelius  L.  Shear,  Pathologist. 
WiLLiAU  A.  Orton,  Palhologut. 
W.  U.  Scorr,  Palhologiit 
.  Joseph  8.  CuAKSEaitisfi  Phyriologlcat  Chemist, 
Ernst  A.  Besket,  Pathologist. 
Flora  W.  Pattebbois,  Mycologiil. 
Chaeles  p.  Hartley,  Assistant  in  Physiology.  P 
Kabl  F.  ViEU.-i.Ki>Kii,AsiiitantinPhiisiiAogy 
Deame  B  &vrsai.t.,  Assistant  in  Pathology. 


tnl  in  Physitdogv,  Plant  Brecdinf. 
-'  in  Patnologr 


_. _ jihology. 

Lloyd  8.  TenNI,  As'ittant  In  Pathotogh. 
Oboboe  O.  IIedik'wk,  Aetlstast  in  Pathology. 
Feblet  BrAVunsa.BelmtiSe  Assistant. 
P.  J.  O'Oabi,  SelaMfie  Aitiitant,  Plant  Palholot, 
A.  D.  Bbahbl,  SdnMjIe  Atsislaal,  Plant  Breeding. 
"  SalFh  RoTiUiaoii.AititlmU  III  Physiology. 

_.., „ .  Plani'lilr  Illslort 

.1.  iiit.i.EK.  Srientific  Asiiilant,  Cereal  Jnieiligations. 

Ebnest  B.  Hfmvs.Seientific  Assislasa.  Plant  Bre,  " 
• ■    , SrirnliJIe Assist-  •   '" 


'1.  HALru  ainiLPijnm.jisBiBianttni-nyniiiugy. 
FluREKCB  UEDQEa,  Sfienllfic  Asittianl,  Barleriology. 
Charleu  J.  Brand,  AsHtlont  in  Physiology,  Plant  Lile  11 
.. .    „ '■^ienti&c  •-' '■—-■■ I—" 

eientlfii 

tifieAi.  ..... 

SdtntiHe  Aisistnnl.  Plant  Breeding 


nti&t 

,..jB(fli 

Leslie  A.  ¥m,Brirntife  Assislara.Cerral  Iniisligati 
Leonabi>  L,  llKKitn.SdtntiHe  AisistoT-    - —  -—' 
JOHN  O.  Merwin.  Scientific  Atiislaal. 
—  "■  Tobaeeo  Expert. 

(uorF,  Jr  .  Expert. 

:ler't,'^  Physiological  Chemist.  Cereal  Inveiligalioni. 

I,  Expert,  Plant  Physlotogv. 
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PREFACE. 


The  following  technical  paper  on  "Improving  the  Quality  of 
Wheat,"  by  Dr.  T.  L.  Lyon,  of  the  Agricultural  Experiment  Sta- 
tion of  Nebraska,  embodies  the  results  of  extended  investigations  on 
the  application  of  chemical  methods  to  the  selection  and  improve- 
ment of  wheat.  The  investigations  were  carried  on  mainly  at  the 
Nebraska  Agricultural  Experiment  Station  in  connection  with  the 
cooperative  work  of  that  institution  and  the  Plant-Breeding  Labora- 
tory' of  this  Office. 

In  the  breeding  of  wheat  more  extended  data  are  greatly  desired 
so  that  more  intelligent  methods  of  selection  may  be  devised.  The 
investigations  of  Doctor  Lyon,  it  is  believed,  have  established 
methods  which  will  be  of  great  value  to  wheat  breeders  and  mate- 
rially facilitate  the  work  in  their  field. 

This  paper  was  originally  presented  as  a  thesis  to  the  faculty  of 
Cornell  University  for  the  degree  of  doctor  of  philosophy.  The 
author  wishes  to  express  his  appreciation  of  the  guidance  of  Prof. 
I.  P.  Roberts,  Prof.  G.  C.  Caldwell,  and  Prof.  Thos.  F.  Hunt,  who 
constituted  the  committee  having  his  work  in  charge,  also  of  the 
assistance  of  Prof.  L.  H.  Bailey  and  Mr.  G.  N.  Lauman,  with  whom 
he  frequently  sought  counsel.  For  the  analytical  work,  extending 
through  a  period  of  seven  years  and  involving  several  thousand 
chemical  determinations,  he  is  indebted  to  Prof,  S.  Averj',  Mr.  R.  S. 
Hiltner,  Prof.  R.  W.  Thatcher,  Mr.  Y.  Nikaido,  Miss  Rachael  Corr, 
Mr.  H.  B.  Slade,  and  Mr.  G.  H.  Walker.  Mr.  Alvin  Keyser  has 
kept  the  records  of  wheat -breeding  plats  and  Mr.  E.  G,  Montgomery 
has  assisted  in  keeping  other  records. 

A.  F.  Woods, 
Pathologist  and  Physiologist. 

Office  of  Vegetable  Pathological 

and  phvsiological  investigations, 

Washington,  D.  C,  March  31, 1905. 
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INTRODUCTORY  STATEMENT. 


While  the  art  of  plant  breeding  has  been  practiced  for  nearly  a 
century,  the  last  decade  has  witnessed  a  marvelous  awakening  of 
interest  in  the  subject,  both  from  a  scienti^c  and  practical  stand- 
point. The  keen  competition  in  crop  production  and  the  resulting 
cheaper  prices,  the  great  and  varying  demands  of  modem  trade  con- 
ditions, etc.,  render  it  necessary  that  the  modem  plant  breeder  have 
the  most  thorough  knowledge  possible  of  the  plant  which  he  is  striv- 
ing to  improve.  Not  only  must  we  secure  varieties  and  races  differ- 
ing in  external  characters  and  yielding  more  heavily  under  a  certain 
set  of  conditions,  but  we  must  also  examine  the  chemical  constit- 
uents of  the  product  and  strive  to  change  and  improve  them  in  order 
that  they  may  better  fit  our  purpose. 

The  great  achievements  of  plant  breeding  in  the  past  have  been 
mainly  in  physical  characters,  requiring  only  superficial  knowledge 
and  gross  examination  for  recognition.  Many  of  the  improvements 
now  demanded,  however,  require  the  most  careful  chemical  exami- 
nation of  the  product  and  the  devising  of  careful  means  and  methods 
of  selection  based  on  the  knowledge  thus  obtained. 

The  first  and  still  the  most  noteworthy  achievement  of  this  nature 
is  the  increase  of  the  sugar  content  in  the  sugar  beet.  When  the 
work  on  this  subject  was  first  started  by  Louis  Vilmorin,  the  mother 
beeta,  which  were  supposed  to  contain  the  most  sugar,  were  separated 
by  their  greater  density,  this  being  determined  by  throwing  the  beets 
Into  a  solution  of  brine  of  such  density  that  the  greater  number  of  them 
would  float.  The  few  heavier  ones  which  were  found  to  sink  were 
retained  as  mothers  and  planted  to  raise  seed.  Later  the  methods 
were  improved,  and  finally  the  percentage  of  sugar  content  in  the 
different  individual  beets  was  determined  by  actual  chemical  analy- 
sis. This  careful  method  of  selection  has  been  ip  operation  for  more 
than  forty  years,  and  has  resulted  in  greatly  increasing  the  sugar 
content  in  the  beets,  and  has  rendered  their  cultivation  profitable 
where  otherwise  the  industry  would  have  failed. 

The  second  most  noteworthy  case  of  increasing  certain  chemical 
constituents  in  a  plant  by  careful  breeding  is  that  furnished  by  the 
investigations  of  the  Illinois  Agricultural  Experiment  Station  in 
increasing  the  nitrogen,  oil,  and  starch  content  in  com.  These  note- 
worthy experiments  carried  out  by  Doctor  Hopkins  and  his  assist- 
ants have  greatly  stimulated  breeding  work  of  this  nature,  and  have 
paved  the  way  for  further  research  of  a  similar  kind. 

In  wheat  it  is  particularly  necessary  that  a  thorough  knowledge 
be  obtained  of  the  variations  in  the  chemical  constituents  and  their 
relation  to  the  other  characters  of  the  plant,  such  as  yield,  size  c 
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kernel,  size  of  head,  season  of  maturity,  etc.  Doctor  Lyon's  exten- 
sive researches  will  thus  be  found  very  valuable  in  enabling  us  to 
understand  more  clearly  these  complex  relations  and  in  pointing  out 
the  main  factors  to  be  considered  in  breeding  wheats  to  increase  the 
gliadin  and  glutenin  content,  and  still  obtain  increased  yield  and 
better  bread-making  quahties. 

The  gross  selection  of  wheat  seed  heretofore  has  largely  been  based 
on  the  separation  of  large  and  heavy  kernels.  Doctor  Lyon's  re- 
searches have  demonstrated  that  the  smaller  and  hghter  kernels 
contain  the  largest  percentage  of  nitrogen,  and  that  while  the  yield 
from  kernels  of  this  kind  at  first  gives  a  smaller  yield  of  grain,  the 
total  yield  per  acre  of  nitrogen  is  nevertheless  greater.  By  con- 
tinuous selection  of  the  smaller  and  lighter  kernels  for  several  gen- 
erations he  shows  that  the  grain  yield  gradually  increases  and  finally 
approaches  or  equals  the  j'ield  derived  from  the  select  large  and 
heavy  kernels.  This  gives  us  a  new  view  of  the  process  of  wheat 
selection  necessary  to  increase  the  nitrogen  yield  per  acre. 

The  very  numerous  chemical  analyses  made  by  Doctor  Lyon  give 
an  indication  of  the  great  variation  of  the  percentage  of  proteid 
nitrogen  present  in  different  plants.  In  the  analyses  of  samples  in 
1902  the  plants  varied  from  2.02  per  cent  to  4  per  cent,  while  in  the 
analyses  of  the  next  year  a  variation  from  1.20  per  cent  to  5.85  per 
cent  was  found.  The  existence  of  this  wide  variation  affords  abund- 
ant opportunity  for  improvement  by  selection. 

Evidence  is  also  given  which  shows  conclusively  that  the  average 
composition  of  a  spike  of  wheat  may  be  judged  from  the  analyses 
of  a  row  of  its  spikelets.  A  satisfactory  method  of  conducting  selec- 
tions has  thus  been  devised. 

The  results  also  show  that  early-maturing  plants  give  much  the 
largest  average  yield,  which  is  a  most  important  point  in  guiding 
selection  to  increase  the  yield.  The  percentage  of  proteid  nitrogen 
is  rather  less  in  the  early  plants,  but  the  total  nitrogen  per  plant  is 
probably  greater. 

The  quality  of  the  gluten  largely  determines  the  bread-making 
value  of  a  variety  of  wheat,  and  it  is  thus  important  to  keep  the 
ratio  of  the  two  elements  constituting  the  gluten-^the  gliadin  and 
ghitenin^the  same.  Doctor  Lyon  has  shown  that  as  the  gluten 
content  is  increased  by  selection  the  ratio  of  gliadin  to  glutenin 
remains  about  the  same,  so  that  the  value  of  the  wheat  for  bread- 
making  purposes  is  not  impaired. 

The  extensive  data  presented  in  this  bulletiii  bearing  on  important 
matters  relating  to  the  improvement  of  wheat  by  breeding  will 
enable  wheat  breeders  to  jilan  and  conduct  their  operations  with  a 
degree  of  certainty  wliich  would  otherwise  not  be  possible. 

Herbert  J.  Webber, 
Physidogkt  in  Charge  of  Laboratory  of  Plant  Breeding. 

yfAsmKaros,  D.C.,  March  30,  1905. 
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IMPROVING  THE  QUALITY  OF  WHEAT. 


OBJECT  OF  THE  IWEBTIOATIOV. 

Efforts  to  improve  the  wheat  plant  have  been  numerous  and  have 
accomphshed  important  results.  The  work  of  Fultz,  Clawson, 
Rudy,  Wellman,  Powers,  Hayne,  Bolton,  Cobb,  Green,  and  Hays  in 
improving  by  selection,  and  of  Pringle,  Blount,  Schindel,  Saunders, 
Farrar,  Jones,  Carleton,  and  Hays  in  improving  by  hybridization, 
has  resulted  in  giving  this  country  many  prolific  strains  and  varieties 
of  wheat,  while  Garton  Brothers,  of  England,  Farrar,  of  New  South 
Wales,  Vilmorin,  of  France,  Rimpau,  of  Germany,  and  others  have 
accomplished  the  same  for  other  portions  of  the  world.  Attempts 
at  improvement  have,  however,  been  directed  primarily  toward  effect- 
ing an  increase  in  the  yield  rather  than  in  the  quality  of  the  crop. 
While  the  latter  property  has  not  been  entirely  lost  sight  of,  selection 
based  on  quality  has  never  been  applied  to  the  individual  plant,  but 
only  to  the  progeny  of  otherwise  desirable  plants. 

Why  selection  for  quality  of  grain  in  the  individual  plant  has  not 
gone  hand  in  hand  with  selection  for  other  desirable  properties  is. 
perhaps  to  be  explained  by  the  fact  that  no  method  for  such  selection 
has  ever  been  devised.  Mr.  W.  Farrar,  of  Queanbeyen,  New  South 
Wales,  in  an  address  made  a  short  time  ago,  said: 

Before  we  can  make  an;  con^derable  pn^ress  Id  improving  the  quality  of  tlie  grain  of 
the  .wheat  plant  we  aliall  have  todeviae  ■  niethod  for  miJtizig  a  (airly  correct  quantitative 
efltiniBle  of  Ihe  constituenls  *  *  *  of  the  grain  of  a  single  plant  and  yet  have  seeds 
left  to  propagate  from  that  plant. 

In  devising  a  method  for  increasing  the  percentage  of  nitrogen  in 
wheat  it  becomes  desirable  to  know  the  causes  that  produce  variation 
in  this  constituent  of  the  kernel.  Numerous  experiments  and  obser- 
vations have  been  made  on  this  subject,  the  results  of  which  agree  in 
the  main  in  attributing  such  variation  to  the  following  conditions: 

(1)  Stage  of  development  of  the  kernel. 

(2)  Variation  in  temperature  of  different  regions. 

(3)  Variation  in  temperature  of  different  years  in  the  same  region. 

(4)  Variation  in  the  supply  and  form  of  soil  nitrogen. 

(5)  Variation  in  the  supply  of  soil  moisture. 
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All  of  these  factors  have  been  studied,  and  are  recognized  as  opera- 
tive. Nothing,  however,  appears  to  have  been  done  to  show  their 
influence  upon  the  actual  amount  of  nitrogen  taken  up  hy  the  uheat 
plant  and  deposited  in  the  kernel.  This  is  really  the  point  of  greatest 
interest;  for  although  it  is  desirable  to  secure  a  wheat  of  greater  nutri- 
tive value,  it  should  not  be  done  at  the  sacrifice  of  yield  of  nitrogenous 
substance. 

Admitting  that  variation  in  the  nitrogen  content  of  wheat  is 
induced  by  the  conditions  mentioned,  it  is  essential  to  the  plant 
breeder  to  know  whether  a  high  or  low  nitrogen  content  may  be, 
under  similar  conditions,  a  characteristic  of  an  individual  plant; 
whether  this  quality  is  transmitted  to  the  offspring;  with  what  con- 
stant characteristics  it  is  correlated,  and  whether  a  high  percentage 
of  nitrogen  in  a  normal,  perfectly  matured  wheat  plant  is  an  indica- 
tion of  a  large  accumulation  of  nitrogen  by  that  plant. 

The  data  contained  in  this  paper  cover  the  points  mentioned,  and 
it  is  hoped  that  some  definite  information  has  been  gained  that  will 
lead  to  a  practical  solution  of  the  problem  of  improving  by  breeding 
the  quaUty  of  wheat  for  bread  making. 
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SOME  COiNDITIOXS  AFFFXTING  THE  COMPOSI- 
TION AND  YIELD  OF  WHEAT. 


Experiments  to  ascertain  the  effect  of  different  conditions  upon 
the  composition  and  yield  of  wheat  have  been  conducted  mainly 
along  the  following  lines: 

(1)  Stage  of  growth  at  which  the  grain  is  harvested. 

(2)  Influence  of  immature  seed  upon  the  resulting  crop. 

(3)  Effect  of  climate. 

(4)  Effect  of  soil. 

(5)  Effect  of  soil  moisture. 

(6)  Influence  of  size  or  weight  of  seed  upon  the  resulting  crop, 

(7)  Influence  of  specific  gravity  of  seed  upon  the  resulting  crop. 

A  brief  summary  of  a  number  of  these  experiments  is  herewith 
given. 

COMPOSmON    AS    AFFECTED   BY   TIME   OF    CUTTING. 

In  1879,"  and  again  in  1892,*  Dr.  R.  C.  Kedzie  conducted  very 
careful  experiments  to  note  the  chemical  changes  that  occur  in  the 
wheat  kernel  during  its  formation  and  ripening.  These  agree  in 
the  main  in  showing  a  gradual  decrease  in  the  percentage  of  totai 
nitrogen,  albuminoid  nitrogen,  and  non-albuminoid  nitrogen  from 
the  time  the  grain  set  to  the  time  the  kernel  was  ripe.  The  decrease 
in  all  of  these  constituents  was  much  more  rapid  during  the  first 
than  during  the  last  stages  of  this  development.  The  percentage 
of  ash  decreased  at  the  same  time. 

In  1897  Prof.  G.  L.  Teller''  carried  on  some  experiments  in  which 
he  covered  the  ground  already  gone  over  by  Doctor  Kedzie  and 
also  contributed  to  the  knowledge  of  the  subject  some  very  important 
data  concerning  the  proportion  of  the  various  proteids  contained 
in  the  wheat  kernel  during  the  process  of  development.  Teller 
found  that  the  proportion  of  total  nitrogen  in  the  dry  matter  steadily 
decreased  from  the  time  the  kernel  was  formed  up  to  about  a  week 
before  ripening,  but  that,  Unlike  Doctor  Kedzie's  results,  it  gradually 
increased  from  that  time  on.  He  intimates  that  this  increase  before 
ripening  may  have  been  due  to  defective  sampling  and  hoped  to 

0  Report  of  Michigan  Board  of  Agriculture,  1881-82,  pp.  233-238, 
^Michigan  Agricultural  Experiment  Station  Bulletin  101. 
<"  Arkansas  Agricultural  Experiment  Station  Bulletin  53. 
27889— No.  78—05 2  17 
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repeat  the  experiment  to  remedy  this,  but  he  has  published  nothing 
further.  The  amid  nitrogen  continued  to  decrease  up  to  the  time  of 
ripening,  as  did  also  the  ash,  fats,  fiber,  dextrins,  and  pentosans. 
There  was  a  gradual  and  marked  increase  in  the  proportion  of  gliadin 
up  to  the  time  of  ripening,  and  a  somewhat  less  and  rather  irregular 
decrease  in  the  proportion  of  glutenin  during  the  same  period. 

Failyer  and  Willard  "  report  analyses  of  wheat  in  the  soft-dough 
stage  and  when  ripe.  The  ash,  crude  fiber,  fat,  and  the  total  and 
albuminoid  nitrogen  were  higher  in  the  soft-dough  wheat,  and  the 
nitrogen-free  extract  and  non-albuminoid  nitrogen  were  higher  in 
the  ripe  wheat. 

Dietrich  and  Konig  *  quote  results  from  five  experimenters — Reiset, 
Stockhardt,  Heinrich,  Nowacki,  and  Handtke.  Only  in  one  case 
(Heinrich)  is  there  a  constant  decrease  in  total  nitrogen  as  the  grain 
approaches  ripeness.  There  is  much  inconstancy  in  the  results,  there 
being  in  some  cases  a  decrease  in  nitrogen  between  the  milk  stage 
and  fuU  ripeness  and  sometimes  an  increase.  There  is  little  informa- 
tion to  be  gained  from  the  results  quoted  by  Dietrich  and  KOnig. 

Komicke  and  Werner  in  their  "Handbuch  des  Getreidebaues "' 
refer  to  the  work  of  Stockhardt,  and  also  that  of  Heinrich,  to  show 
that  during  the  process  of  ripening  the  percentage  of  nitrogen  in 
the  wheat  kernel  gradually  diminishes,  as  does  also  the  percentage 
of  ash,  and  that,  on  the  other  hand,  the  percentage  of  carbohydrates 
increases  during  the  same  period.  Heinrich  also  shows  by  a  state- 
ment of  the  number  of  grama  of  these  constituents  in  2,600  kernels 
at  different  stages  of  development  that  the  absolute  amount  of 
nitrogen  and  ash  increases  up  to  the  time  of  ripening,  and  that 
consequently  the  decrease  in  the  percentage  of  these  constituents 
is  due  to  the  rapid  increase  in  the  rarbohjdrates.  The  results 
obtained  by  Heinrich  appear  as  follows  when  tabulated: 


I  Pnrcentage!  Pwocntagp 


ofkernel.  |  o?terapl.  :  olkemel. 


BPElnnLng  to  ripen. . . 

Riiw 

Overripe ., 


75.  ea  I 


Nedokutschajew ''  analyzed  wheat  kernels  at  different  stages  of 
development  and  found  an  almost  uniform  decrease  in  the  percentage 

"  Kansas  Agricultural  Experiment  Station  Bulletin  32. 

6  Zu3ammeni*liung  u.  Verdaulidikeit  der  Futtennittel,  1,  p.  419. 

c  Handbuch  des  Getreidebauea,  Berlin,  1834,  2,  pp.  474-^76. 
"Laudw.  Vers.  Stat.,  50  (1902),  pp.  303^10. 
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of  total  nitrogen,  a  slight  but  irregular  decrease  in  the  percentage  of 
proteid  nitrogen  in  the  dry  matter,  and  a  constant  decrease  in  the 
percentage  of  amid  nitrogen.  He  holds  that  the  amid  substances 
are  converted  into  albumen  as  the  kernels  ripen.  His  figures  are 
as  follows: 


Wr^ht 


Judging  from  these  results  there  can  be  no  doubt  that  the  per- 
centage of  nitrogen,  both  total  and  proteid,  decreases  as  the  kernel 
develops,  owing  to  the  more  rapid  deposition  of  starch  that  goes 
on  during  the  later  stages  of  growth.  The  larger  part  of  the  nitrogen 
used  by  the  wheat  plant  appears  to  be  absorbed  during  the  early 
life  of  the  plant.  This  is  transferred  in  large  amounts  to  the  kernel 
in  the  early  stages  of  its  development,  after  which  nitrogen  accretion 
by  the  kernel  is  comparatively  slight.  The  deposition  of  starch, 
on  the  other  hand,  continues  actively  during  the  entire  development 
of  the  kernel.  It  would  further  appear  that  the  amid  nitrogen  is 
converted  into  proteid  compounds  as  development  proceeds. 

As  showing  the  stages  of  growth  of  the  wheat  plant  at  which  the 
greatest  absorption  of  nitrogen  occurs,  some  experiments  may  be 
quoted. 

Lawes  and  Gilbert"  say; 

Id  18^  we  took  siimpln<  of  a  growing  wheat  rrop  at  difT^rent  stages  of  ita  progress, 
pommeni'ing  on  June  21,  and  determind  the  dry  matter,  aah,  and  nitrogen  in  them.  Calcu- 
lation of  the  results  showed  that,  while  during  little  more  than  five  weeks  from  June  21 
there  was  comparatively  little  increase  in  the  amount  of  nitrogen  accumulated  over  a  given 
area,  more  than  half  the  total  <-arbo[i  of  the  crop  was  aceumu1at«d  diu^ng  that  period. 

Snyder's  analyses*  show  that  of  the  total  amount  of  nitrogen 
taken  up  by  the  wheat  plant,  85.97  per  cent  is  removed  from  the  soil 
within  fifty  days  after  coming  up,  88.6  per  cent  by  time  of  heading 
out,  and  95.4  per  cent  by  the  time  the  kernels  are  in  the  milk. 

Adorjan''  finds  that  assimilation  of  plant  food  from  the  soil  is  not 
proportional  to  the  formation  of  dry  matter  in  the  plant,  but  that 
it  proceeds  more  rapidly  in  the  early  stages  of  growth.  During  early 
growth  nitrogen  is  the  principal  requirement.     The  nitrogen  stored 

"On  the  Composition  of  the  Aah  of  Wheat  Grain  and  Wheal  Straw,  London,  1884. 
^Minnesota  Experiment  Station  Bulletin  29,  pp.  152-lGO. 

'^Abstract,  Gxperiment  Station  Record,  14,  p.  436,  from  Jour.  Landw.,  SO  (1902), 
I^.  193-230. 
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up  at  that  time  is,  he  says,  used  later  for  the  development  of  the 
gi'ain. 

It  is  too  well  known  to  require  substantiation  by  experimental 
evidence  thnt  the  yield  of  grain  per  acre  and  the  we^ht  of  the  indi- 
vidual kernel  increase  as  the  grain  approaches  ripeness.  It  is  there- 
fore quite  evident  that  immaturity,  although  resulting  in  a  higher 
percentage  of  nitrogen  in  the  wheat  kernel,  would  curtail  the  pro- 
duction of  nitrogen  by  the  crop,  and,  furthermore,  that  the  produc- 
tion of  proteids  would  be  still  further  lessened  by  reason  of  the 
greater  proportion  of  amid  substances  present  in  the  grain  at  that 
time. 

INFLUENCE    OF    IMMATUBE    SEED    TPOK    YIELD. 

Georgeson"  selected  kernels  from  wheat  plants  that  were  fully  ripe, 
and  from  plants  cut  while  the  grain  was  in  the  milk.  He  seeded  these 
at  the  same  rate  on  2  one-tenth  acre  plots  of  land.  The  immature 
seed  yielded  at  the  rate  of  19.75  bushels  per  acre  of  grain  and  0.8  ton 
of  straw,  while  the  mature  seed  produced  22  bushels  of  grain  and 
1.04  tons  of  straw  per  acre.  Georgeson  says  that  in  a  similar  experi- 
ment the  previous  year  the  difference  in  favor  of  the  mature  seed 
was  still  more  pronounced. 

Although  the  evidence  is  limited,  it  may  safely  be  considered  that 
the  use  of  immature  seed  will  result  in  a  smaller  jneld  of  wheat  than 
if  fully  ripe  seed  be  used. 

INFLUENCE    or    CLIMATE    UPON    COMPOSITIOX    AND    YIELD. 

Lawes  and  Gilbert  *  state  that  "high  maturation  in  the  wheat  crop 
as  indicated  by  the  proportion  of  dressed  com  in  total  com,  propor- 
tion of  corn  in  total  product  (grain  and  straw),  and  hea\-3'  weight  of 
grain  per  bushel,  is,  other  things  being  equal,  generally  associated 
with  a  high  percentage  of  drj'  substance  and  a  low  percentage  of  both 
mineral  and  nitrogenous  constituents."  This  is  based  upon  the 
wheat  crops  at  Kothamsted  for  the  yeans  IS45  to  1854,  inclusive. 

More  recent  publications'  by  these  investigators  reaffirm  their 
belief  that  the  composition  of  the  wheat  kernel  depends  more  lai^ly 
upon  the  conditions  that  affect  its  degree  of  development  than  upon 
any  other  factor.  They  found  almost  invariably  that  a  season  that 
favored  a  long  and  continuous  growth  of  the  plant  aft«r  heading, 
resulting  in  a  large  yield  of  grain,  a  high  weight  per  bushel,  and  a 
plump  kernel,  produced  a  kernel  of  low  nitrogen  content. 

"  jMistr-Bi^t,  Kxperijiionl  Station  Record,  4,  p.  407,  from  Kansan  Experiment  Station 
Bulli'tin  33,  p.  .%, 

'i  On  Some  PoitiIs  in  the  Composition  of  Wheat  Grain,  London,  1857. 

■■  Our  Climate  nnd  Our  Wlieat  Crops,  London.  18S0,  and  On  the  Composition  o(  the  Ash 
of  Wheat  OreiD  and  Wheat  Straw,  London,  1884. 
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Kornicke  and  Werner"  cite  an  experiment  in  which  winter  wheat 
grown  in  Poppelsdorf  for  several  years  was  sf^nt  to  and  grown  in  the 
moist  climate  of  Great  Britain,  in  Germany,  and  in  the  continental 
climate  of  Russia  (steppes).     The  results  were  as  follows: 


Weight  (in  gramn) 


PenMitage  ol— 
Onla.   r  Straw. 


Gnat  Britain . . 


These  investigators  conclude  from  the  results  that  in  a  moist  cli- 
mate relatively  more  straw  and  less  grain  are  produced  than  in  a  dry, 
warm  climate.  The  thickness  of  the  straw  and  the  weight  of  the 
kernels  from  100  heads  are  greater,  while  the  percentage  by  weight 
of  kernels  to  straw  is  much  less  in  a  moist  climate.  They  also  quote 
Haberlandt  as  saying  that  a  continental  climate  produces  a  small, 
hard  wheat  kernel,  rich  in  gluten  and  of  especially  heavy  weight. 

Deherain  and  Dupont*  report  some  interesting  observations  as  to 
the  effect  of  climate  on  the  composition  of  wheat.  They  state  that  the 
harvest  of  1888  at  Grignon  was  late  and  the  process  of  ripening  slow. 
There  was  a  heavy  yield  of  grain  havinga  gluten  content  of  12.60  per 
cent  and  a  starch  content  of  77.2  per  cent.  The  following  season  was 
dry  and  hot,  with  a  rapid  ripening  of  the  grain,  u-sulting  in  a  smaller 
crop.  The  gluten  content  of  the  grain  was  15.3  per  cent  and  the 
starch  content  61.9  per  cent.  They  removed  the  heads  from  &  num- 
ber of  plants.  The  next  day  the  stems  were  harvested,  as  were  also 
an  equal  number  of  entire  plants.  "The  stems  without  heads  showed 
that  carbohydrates  equal  to  5.04  per  cent  of  the  dry  matter  liad  been 
formed.  The  stems  on  which  the  heads  remained  one  day  longer 
contained  1.6-3  per  cent  carbohydrates.  They  argue  from  this  that 
the  upper  portion  of  the  stem,  provided  it  is  still  green,  performs  the 
functions  of  the  leaves  in  other  plants  and  tlius  elaborates  the  starch 
that  fills  out  the  kernel  in  its  later  development. 

A  report  from  the  Ploti  Experiment  Station"  states  tliat  the  con- 
ditions that  favored  an  increase  in  yield  caused  a  reduction  in  the 
relative  proportion  of  nitrogen  in  the  grain.  Excessive  humidity 
favored  the  proc;?ss  of  a.ssimilation  of  carbohvd rates,  while  drought 
hastened  maturation  and  produced  a  grain  relatively  ricji  in  prot','ids. 

"  Hwidbuch  des  Getreidebeues,  BerliD,  1884,  pp.  69,  70. 
(•Ann.  .\gron.,  1902,  p.  522. 

'■  Abstract,  Experiment  SlatioT  Record,  14,  p.  340,  from  Sept.  Rap  An.  Sta,  Eipt. 
Agron.  Ploty,  1901,  pp.  xiv-180. 
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Wiley"  sent  wheat  of  the  same  origin  to  California,  Kentucky-, 
Maryland,  and  Missouri.  The  original  grain  and  the  product  from 
each  State  were  analyzed.  The  results  of  one  year's  test  were 
reported.     Regarding  the  effect  of  climate,  he  says: 

There  appe&ra  lo  be  &  maHced  relation  betireen  the  content  of  protein  matter  and  starch 
and  the  length  of  the  growing  season.  The  shorter  the  period  of  growth  and  the  cooler  (he 
climate  the  larger  the  content  of  pratein  and  the  smaller  the  content  of  starch,  and  vice 

Shindler,*  in  his  book  upon  this  subject,  says  {p.  75): 
With  the  length  of  the  growing  period,  CBpecially  with  the  length  of  the  interval  hetween 
bloom  and  ripeness,  varies  not  only  the  size  of  the  kernel,  but  also  the  relative  amount  of 
carbohydrates  and  protein  it  contains. 

Again,  on  page  76,  Shindlcr  says: 

AJI  this  shows  that  the  protein  constituent  of  the  kernel  depends  in  the  fir^t  place  upon 
the  length  of  the  growing  period  and  next  upon  the  richness  oLthe  noil. 

Melikov  *"  made  analyses  of  different  varieties  of  wheat  of  the  crops 
of  the  years  1885-1809  grown  in  southern  Russia.  The  protein 
varied  in  different  years  from  14  to  2 1 .2  per  cent.  Melikov  concludes 
that  the  nitrogen  content  is  highest  in  drj-  years  and  lowest  in  years 
of  larger  rainfall,  in  which  years  the  yield  of  wheat  per  acre  b  also 
greater. 

Gumey  and  Morris,"  in  one  of  their  reports,  s&y: 

This  increased  gluten  (over  previouH  years]  is  probably  largely  due  to  differences  in  the 
seasons,  the  weather  being  hot  and  dry  while  the  ^^in  was  ripening,  since  it  is  character- 
istic not  of  these  wheats  alone  but  of  moat  of  the  grain  gron'n  in  the  colony. 

The  conclusion  to  be  inevitably  derived  from  these  observations 
is  that  climate  is  a  potent  factor  in  determining  the  jield  and  compo- 
sition of  the  wheat  crop,  and,  further,  that  its  effect  is  produced  by 
lengthening  or  shortening  the  growing  season,  particularly  that  por- 
tion of  it  during  which  the  kernel  is  developing.  A  moderately  cool 
season,  with  a  liberal  supply  of  moisture,  has  the  effect  of  prolonging 
the  period  during  which  the  kernel  is  developing,  thus  favoring  its 
filling  out  with  starch,  the  deposition  of  which  is  much  greater  at 
that  time  than  is  that  of  nitrogenous  material.  With  this  goes  an 
increase  in  volume  weight  and  an  increased  yield  of  grain  per  acre. 
On  the  other  hand,  a  hot,  dry  season  shortens  the  period  of  kernel 
development,  curtails   the   deposition   of   starch,  leaving    the   per- 

0  Yearbook  V.  S.  Department  of  Agriculture,  IPOI,  pp.  299-308. 

''  Der  Weizen  in  seinem  Beziehui^n  zum  Klima  und  das  Gesetz  der  Konelation,  Berlin, 
1893. 

■■Abstract,  En  pe  rime  nt  Station  Record,  13  p.  451,from  Zhur.Opuitn.Agron.,!  (1900), 
pp.  256-267. 

''  Agricultural  Gazette  of  New  South  Wales,  12,  pi.  2,  pp.  1403-1424. 
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centftge  of  nitrogen  relatively  higher,  and  gives  a  grain  of  lighter 
weight  per  bushel  and  amaller  yield  per  acre. 

The  fact  that  one  variety  of  wheat  is  adapted  to  a  hot,  dry  climate 
and  another  to  a  cool,  moist  one  does  not  mean  that  the  former  under- 
goes as  complete  maturation  as  the  latter,  even  though  the  grain  is  not 
shriveled.  This  is  shown  by  the  fact  that  a  variety  of  wheat  well 
adapted  to  a  hot,  dry  climate  will,  when  planted  in  a  cool,  moist  one, 
immediately  grow  plumper  and  the  kernel  weight  will  increase,  aa 
was  the  case  in  the  experiment  of  taking  Minnesota  wheats  to  Maine. 

INFLUENCE    OF    SOIL   UPON    COMPOSITION    AND   YIELD. 

In  considering  the  effect  of  the  soil  upon  the  wheat  crop  there  will 
naturally  be  included  experiments  designed  to  show  the  effect  of 
fertilizers  upon  the  crops.  It  is,  in  fact,  upon  experiments  with  fer- 
tilizers that  we  must  depend  for  most  of  our  information  on  this 
subject. 

Experiments  to  ascertain  the  effect  of  fertilizers  upon  the  composi- 
tion of  the  wheat  kernel  were  conducted  by  Lawes  and  Gilbert  for  a 
period  of  years  extending  from  1845  to  1854."  Plots  of  land  in 
which  wheat  was  grown  continually  were  treated  annually  as  follows: 
Unmanured,  manured  with  ammoniacal  fertilizer  alone,  and  manured 
with  ammoniacal  fertilizer  and  proportionate  amounts  of  mineral 
salts.  In  composition  calculated  to  dry  matter,  the  wheat  on  the 
plots  receiving  ammoniacal  fertilizer  alone  contained  quite  uniformly 
a  slightly  larger  amount  of  nitrogen  than  either  of  the  other  two. 
The  averages  for  the  ten  years  were  as  follows : 


Pfrc«iit- 

Yl»ld 

kemBli. 

(poundB). 

K 

MS 

There  was  practically  no  difference  in  the  nitrogen  content  of  the 
straw.  From  these  experiments  the  authors  quoted  conclude  that 
there  is  no  evidence  that  the  nitrogen  content  of  the  wheat  kernel 
can  be  increased  at  pleasure  by  the  use  of  nitrogenous  manures. 

Ritthausen  and  Pott  *  report  an  experiment  in  which  plots  of  land 
were  manured  (1)  with  superphosphate  alone,  (2)  with  nitrate  alone, 
(3)  with  a  mixture  of  superphosphate  and  nitrate,  and  (4)  were  left 

o  On  Some  Points  in  the  CompoBition  of  Wheat  Grain,  London,  1857. 
SLandw.  Vera,  Stat.,  16  (1873),  pp.  .38J-399. 
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unmiinured.     There  were  three  plots  of  each.     The  following  is  a 
tabulated  statement  of  their  results: 


Kind  olfertlUtfr.H  any. 

kernel! 
(gramB), 

ST 

PenniW«e 

oEnltrc«eii 

1,306 

i.m 

l.«l 

3.72 

It  will  be  noticed  that  the  effect  of  the  nitrate  fertilizer  was  to 
decrease  the  yield  of  grain,  but  to  increase  the  size  of  the  kernel  and 
its  content  of  nitrogen. 

Wolff,"  as  early  as  1856,  in  summing  up  the  experiments  of  Hennb- 
stadt,  Muller,  and  John  with  barley,  and  of  Lawes  and  Gilbert  with 
wheat,  says: 

In  tlie  presence  of  a  sufiicient  amount  of  phosphoric  acid  and  alkali  the  effect  of  manunDg 
nith  an  easily  soluble  nitrogen  compound  is  an  improvement  in  the  grain  both  in  quantity 
and  <)UBlity  [meaning  plumper  kernels].  The  kernels  decrease  In  percentage  oF  nitrogen, 
but  become  plumper,  became  absolutely  and  relatively  richer  in  starch,  and  hare  a  better 
appearance  and  a  higher  commercial  value.  But  when  the  nitrogenous  food  in  tho  soil 
exceeds  a  certaiu  relation  to  the  tf  rnperatore  and  rainfall  the  quality  of  tl^e  grain  becomes 
poorer  [harder],  it  becomes  lighter  and  smaller,  takes  on  a  darkT  color,  and  generally 
becuine.s  ocher  in  percentage  of  nitrc^en  in  the  air-dry  suliatance. 

Von  Gohreii "  also  reports  results  of  experiments  in  fertilizing  wheat. 
All  experiments  were  apparently  made  in  the  same  year.  He  grew 
the  crop  on  six  different  plots  of  land,  five  of  which  were  manured  and 
each  with  a  different  fertilizer.  In  the  crop  he  distinguished  between 
large  kernels  and  small  kernels  to  show  the  quality  of  the  product. 
Determinations  of  proteids  and  starch  were  made,  and  these  were 
calculated  to  the  yield  of  each  constituent  on  each  plot. 

The  following  table  shows  the  yield  of  each  of  the  characters  deter- 
mined, and  compares  those  raised  on  the  immanured  plot  with  those 
on  the  manured  ones  by  taking  the  former  as  one  and  reducing  the 
others  to  the  corresponding  figure: 


Vield  ol  iraJn 

Yli'ldollamkcr 
Vir-ldolBinalUri 
Yield  otproU'We 
YidlotsUrrh... 


The  results  show  an  increased  yield  from  the  use  of  fertilizers,  the 
production   increasing  with   the   application  of  complete  manures, 

"  Die  naturgesptilichen  Grundlagen  des  Ackerbauef,  Leipzig,  1866,  p.  774. 
''Landw.  Vera.  Stat.,  0  (1864),  pp.  15-19. 
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The  yield  of  grain  of  good  quality  increases  in  the  same  way,  and  the 
yield  of  grain  of  poor  quality  decreases  proportionately.  It  must  be 
remembered  that  by  good  quality  of  grain  in  these  early  writings  is 
meant  plump  kernels  and  not  necessarily  what  would  be  considered 
wheat  of  good  miUing  quality  at  the  present  day.  The  production  of 
proteids  per  acre  decreased  with  the  use  of  the  incomplete  fertilizers, 
ashes  and  oil  cake,  and  even  with  the  bat  guano.  It  increased,  how- 
ever, with  the  use  of  oil  cake  and  ashes  combined  and  of  Peruvian 
guano.  The  percentage  of  proteids  was  greatest  in  the  unfertihzed 
grain  and  the  percentage  of  starch  least,  with  the  exception  of  one 
fertilized  plot. 

The  very  evident  effect  of  the  fertilizers  in  this  case  was  to  produce 
a  more  completelj'  matured  kernel.  It  will  be  noticed  that  the  plots 
producing  grain  of  highest  starch  content  were  those  having  the 
greatest  proportion  of  plump  kernels. 

Again,  in  1884,  Lawes  and  Gilbert"  report  results  obtained  from 
manured  and  unmanured  soils.  These  experiments  cover  a  period  of 
sixteen  years  and  are  divided  into  two  periods  of  eight  years  each.  In 
one  of  these  periods  the  seasons  were  favorable  for  wheat,  in  the  other 
unfavorable. 


Wflghi  nl  xrain  per  busbel  i 

Percenlaet^of  grain  tostrav.  fl2.9  '         H'l 

Grain  per  acre  (pouiwls) 2,342.0  l.tSt 

Rtrawpcrarre  (pounde) S.Om.O  2,ii7. 

P»rrmla«fo(DltnwHi[DdT7 

nwtwr I  \.n  I 

F»rc«iU«FoIuhlndTymat-l  i 

Mtr^eniperbuBheiVpaiindi)  l!oH3  I 

It  is  evident  from  this  statement  that  the  largest  crops  and  best 
developed  kernels  were  obtained  from  the  soils  treated  with  barnyard 
manure,  and  that  these  kernels  contained  the  lowest  percentage  of 
nitrogen.  The  crops  on  unmanured  soil  stood  next  in  these  respects, 
except  in  yield.  Those  on  the  soil  receiving  ammonium  salts  pro- 
duced the  most  "poorly  developed  kernels  and  those  of  highest  nitrogen 
content,  but  gave  larger  yields  than  the  unmanured  soil. 

In  the  unmanured  soil  there  was  a  verj-  evident  lack  of  plant  food, 
as  indicated  by  the  light  crops.  The  effect  upon  the  kernel  was  to 
curtail  its  development,  leaving  it  of  light  weight  and  with  a  relatively 
high  nitrogen  content. 

"  On  the  Composition  of  tbe  Ash  of  Wheat  Grain  and  Wheal  Straw,  London,  I8S4. 
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Hermbstadt  obtained  some  curious  results,  as  quoted  by  D.G.F, 
MacDonald,"  as  follows: 

He  aowed  equal  quantities  of  wheal  upon  the  same  ground  and  manured  them  with  equal 
weights  of  the  different  manures  set  forth  below.  From  100  parts  of  each  sample  of  grain 
produced  he  obtained  starch  and  gluten  in  the  foUfiwiDg  proportions; 


Kind  of  tcrtUlier,  IF  toy. 

0,.. 

^.  1  St.»h. 

Prcdu™. 

1 
1 

31 

2         «6.r 

A             WS.M 

2        «a.2 

I    If 

These  results  are  not  to  be  considered  seriously,  representing  as 
they  do  an  impossible  condition. 

Prof.  H.  A.  Huston*  treated  0.01-acre  plots  of  land  each  with 
nitrate  of  soda,  dried  blood,  sulphate  of  ammonia,  rotted  stable 
manure,  and  muck,  respectively,  either  in  the  autumn  or  spring,  or 
in  both  seasons.  In  1891  all  the  plots  treated  with  nitrogenous  com- 
pounds showed  marked  increase  in  the  percentage  of  nitrogen  in  the 
grain.  In  1892  the  results  were  by  no  means  so  uniform  and  would 
not  justify  the  conclusion  that  nitrogenous  fertilizers  increased  the 
nitrogen  content  of  the  wheat. 

Vignon  and  Conturier'"  tested  the  effect  of  phosphate  fertilizer 
alone  upon  the  nitrogen  content  of  the  grain  of  two  varieties  of  wheat. 
On  Plot  1  they  used  75  kilograms  of  phosphoric  acid  per  hectare;  on 
Plot  2,  150  kilograms,  and  on  Plot  3,  225  kilograms. 

P»n«Dtage  of  Dltrogen  in 


There  was  a  very  evident  decrease  in  the  nitrogen  content  of  the 
crop  as  the  quantity  of  fertilizer  was  increased. 

It  was  concluded  from  experiments  conducted  at  the  Pioti  Experi- 
ment Station"  that,  with  favorable  meteorological  conditions,  manure 
increased   the  total  amount  of  nitrogen  taken  up  by  wheat,  but, 

nPractipal  Hints  on  Fanning,  London,  1868. 
ti  Indiana  Experiment  Station  Bulletins  41  and  45. 
fCompt.  Rend.,  132  (1901),p.791. 

''Abstract,  E^tperiment  Station  Record,  14,  p.  340,  from  Sept,  Rap.  An.  Sta.  Espt. 
Agron.  Ploty,  1901,  pp.  xiv-180. 
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although  it  thus  increased  the  total  production  of  nitrogen,  it 
decreased  the  relative  proportion  of  nitrogenous  substance. 

Bogdau  "  conducted  investigations  the  results  of  which  indicated 
that  with  an  increase  in  the  soluble  salt  content  of  22  alkali  soils  the 
nitrogen  and  ash  contents  of  the  wheat  kernels  increased,  but  the 
absolute  weight  of  the  kernels  diminished.  These  soluble  salts  are 
rich  in  nitrates. 

Experiments  were  conducted  by  Whitson,  Wells,  and  Vivian*  in 
which  plants  were  grown  in  pots  the  soils  of  which  were  in  some  cases 
fertilized  with  nitrates  and  in  others  with  leachings  of  single  and 
of  double  strengths  from  fertile  soils.  Field  experiments  were  con- 
ducted on  manured  and  unmanured  plots.  All  of  the  analyses, 
except  in  the  case  of  oats,  were  of  the  whole  plant.  Of  the  ripe  oat 
kernels  those  from  the  unfertilized  soil  contained  2.57  per  cent  of 
nitrogen,  while  the  average  of  those  from  the  fertilized  soil  was  2.78 
per  cent. 

Guthrie'^  conducted  experiments  with  fertihzers  for  wheat  during 
two  years,  in  which  he  kept  a  record  of  the  yield  and  gluten  content  of 
the  grain.     The  following  is  a  statement  of  the  results: 


Kind  oC  tertllizer,  U  Br 


Superphosphaw 

Potiufllum  sulphale 

Ammonium  mlphate,  roperphosphate. 
potaBBlum  Bulphalfi 


In  this  experiment  there  was  in  each  case  a  higher  percentage  of 
gluten  in  the  wheat  raised  on  the  fertilized  soil  than  in  that  from  the 
soil  fertilized  with  ammonium  sulphate,  and  in  the  latter  less  than  in 
the  grain  fertilized  with  other  material. 

The  most  striking  feature  of  these  results  is  their  apparent  lack  of 
uniformity.  In  some  cases  the  use  of  nitrogenous  fertilizers  was 
accompanied  by  an  increase  in  the  nitrogen  content  of  the  grain  and 
in  other  cases  no  increase  appeared;  in  some  cases  phosphoric  acid 
fertilizers  apparently  increased  the  nitrogen  content  and  in  others 
they  did  not  have  this  effect. 

Climatic  influences  have  doubtless  operated  largely  in  these  results, 
but  they  are  not  considered  l»y  any  of  the  experimenters  except  Wolff. 

"Abatracl,  Experiment  StatLon  Rerord,  13,  p.  329,  from  Report  of  Department  of  Agri- 
culture, St.  Pet^TBburjt,  ISOO. 

iWisconsin  Experiment  Station  Report,  19  (1902),  pp.  192-209. 

<Agricullural  Gazette  of  New  South  Wales,  13  (1902),  N'u.  6,  p.  664;  and  Xo.  7,  p.  728. 
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It  is  evident  that  in  all  experiments  witli  depleted  soils  the  plants  on 
the  plots  receiving  complete  fertilizers  would  take  up  larger  amounts 
of  plant  food,  including  nitrogen,  than  would  plants  on  unnianured 
soils.  Any  conditions  that  would  prevent  the  normal  ripening  of  the 
crop  on  both  soils  would  therefore  leave  a  higher  percentage  of  nitro- 
gen in  the  plants  upon  the  unmanured  soil.  On  the  other  hand, 
under  conditions  which  would  permit  of  a  complete  maturation  of  the 
crop  there  might  be  no  difference  in  the  composition  of  the  grain  from 
the  manured  and  unmanured  soils.  It  is  evident,  however,  that  the 
production  of  both  nitrogen  and  starch  in  pounds  per  acre  would  be 
greater  on  the  manured  soils. 

Another  condition  that  may  affect  the  results  is  the  arrested  devel- 
opment of  kernels  on  unmanured  soils  that  are  seriously  depleted  of 
plant  food.  Such  depletion  may  interfere  with  complete  maturation 
of  the  crop  while  the  crop  on  the  manured  soil  will  mature  fully.  In 
consequence  the  grain  on  the  unmanured  soil  will  contain  a  higher 
percentage  of  nitrogen  but  a  smaller  3'ield  per  acre.  The  use  of  a 
nitrogenous  manure  alone  on  exhausted  soils  may  likewise  result  in 
a  grain  of  higher  nitrogen  content. 

Expressed  in  a  more  general  way,  this  means  that  wheat  of  the 
same  variety  grown  under  the  same  climatic  conditions  will  have 
approximately  the  same  percentage  of  nitrogen  if  allowed  to  mature 
fully,  but  any  permanent  interruption  in  the  process  of  maturation 
will  result  in  a  liigher  percentage  of  nitrogen,  and  in  the  latter  case  the 
percentage  of  nitrogen  will  depend  upon  the  stage  at  which  deveiop=- 
ment  was  internipted,  and  also  upon  the  amount  of  nitrogen  accumu- 
lated by  the  plant,  that  being  greater  on  soils  manured  with  nitroge- 
nous fertilizers  alone  than  on  exhausted  soils,  and  greater  on  soils 
receiving  complete  manures  than  on  exhausted  soils  receiving  only 
nitrogenous  fertilizei's,  provided  the  stage  at  which  development 
ceased  be  tlie  same  in  both  cases.  It  thus  happens  that  wheat  grow- 
ing on  the  soil  allowing  it  t<»  absorb  the  largest  amount  of  nitrogen 
will,  other  .things  being  rqual,  have  a  higher  nitrogen  content  if  the 
development  of  the  kernel  be  permanently  checked,  although  if  it 
were  allowed  to  mature  fully  it  would  not  have  a  greater  percentage 
of  nitrogen  than  that  grown  on  the  soil  affording  less  nitrogen. 

Reviewing  the  experimrnts,  we  find  that  in  Lawes  and  Gilbert's 
first  experiment  the  percentage  of  nitrogen  in  the  unmanured  soil  was 
less  than  on  the  soil  receiving  only  nitrogenous  fertilizer,  and  that  the 
weight  of  grain  per  bushel  and  the  percentage  of  good  kernels  on  the. 
two  plots  were  practically  the  same.  It  would  not  appear,  therefore, 
that  the  wheat  on  the  plot  receiving  the  nitrogenous  fertilizer  was  less 
well  matured  than  that  on  the  unnianured  plot.  In  this  cose  then' 
appears  to  be  a  slight  increase  in  the  percentage  of  nitrogen,  due 
entirely  to  the  use  of  nitrogenous  fertilizers.     Comparing  the  giaiu  on 
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the  plot  receiving  only  nitrogenous  fertilizer  with  that  receiving  the 
complete  fertilizer  it  will  be  seen  that  the  former  has  a  higher  percent- 
age of  nitrogen,  but  this  is  evidently  due  to  the  poorly  developed  ker- 
nels which  weigh  less  per  bushel  than  the  grain  on  the  completely 
fertilized  plot. 

Von  Gohren's  Jesuits  show  plainly  that  the  kernels  on  the  manured 
land  developed  better  than  on  the  unmanured,  and  with  this  better 
development  there  was  an  increase  in  the  percentage  of  starch  and  a 
decrease  in  the  nitrogen. 

In  Lawes  and  Gilbert's  second  experiment  the  percentage  of  nitro- 
gen in  the  wheat  on  the  soil  manured  with  ammonium  salts  was  less 
than  that  in  the  wheat  on  the  unmanured  soil,  but  the  weight  of  grain 
per  bushel  shows  that  the  higher  nitrogen  content  was  due,  in  part  at 
least,  to  incomplete  maturation.  The  higher  percentage  of  nitrogen 
in  the  wheat  on  the  soil  receiving  only  nitrogenous  manures  as  com- 
pared with  that  receiving  complete  manures  can  be  traced  to  the  same 
condition  of  the  grain. 

INFLUENCE    OF   SOIL,   MOISTURE    UPON    COMPOSITION   AND    YIELD. 

Experiments  were  conducted  by  D.  Prianishinkov  "  in  which  wheat 
was  raised  with  different  degrees  of  moisture,  hut  in  the  same  soil  and 
under  the  same  conditions  of  Ught  and  temperature.  With  a  larger 
amount  of  moisture  in  the  soil  there  w  as  a  lower  nitrogen  content  in 
the  grain.  It  was  also  stated  that  the  duration  of  the  period  of  vege- 
tation was  somewhat  shorter  when  the  moisture  supply  was  greater. 

Traphagen ''  reports  marked  changes  in  the  composition  of  wheat 
grown  with  and  without  irrigation  at  the  Montana  Experiment 
Station.  A  wheat  grown  under  irrigation  on  the  station  farm  was 
planted  the  following  year  on  land  not  irrigated.  Presumably  the 
land  was  of  similar  character.  The  two  crops  of  grain  were  analyzed 
and  the  percentages  stated  below  were  found. 


Crop.  i    «^;^ 


No  records  of  yields  or  of  weights  of  kernels  are  given,  hut  it  is  fair 
to  suppose  that  the  unirrigated  wheat  possessed  the  light,  shrunken 
kernel  which  is  characteristic  of  wheat  raised  without  sufficient 
moisture. 


"Abstract,  EuperimeDt  Station  Record,  13,  p.  631,  (roinZhur,  Opuitn.  Agron.,  1  {1900), 
No.  l,pp,  13-20. 

^MontaDB  Experiment  Station  Report  (1902), pp.  59-60. 
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Irrigation  experiments  were  conducted  by  Widtsoe  "  in  which  wlieat 
of  the  same  variety  was  raised  on  plots  of  land  each  one  of  which 
received  a  different  quantity  of  water.  A  record  was  kept  of  the 
yield  and  composition  of  the  grain  on  each  plot. 


Peroentageol- 

Yield  (In  pound«| 

<*s. 

Plot. 

w 

Proteln 

Ingrain. 
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Nitrogen. 
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23,  g 
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The  results  show  that  with  an  increase  in  the  water  used  for  irriga- 
tion up  to  30  inches  there  were  in  general  an  increase  in  the  yield  of 
grain  and  a  decrease  in  the  nitrogen  content.  No  volume  weights 
or  other  means  of  judging  of  the  developrnent  of  the  kernels  on  the 
different  plots  are  given,  but  there  is  no  reason  to  suppose  that  the 
grain  on  the  plots  receiving  small  quantities  of  water  was  not  poorly 
developed.  The  column  added  showing  the  yield  of  nitrogen  in 
pounds  per  acre  indicates  a  lack  of  nutriment  in  the  grain  on  these 
plots." 

High  nitrogen  content  arising  from  a  small  supply  of  soil  moisture 
is  sometimes  due  to  a  restricted  development  of  the  kernel.  There 
is  nothing  in  these  results  to  indicate  a  greater  absorption  of  nitrogen 
by  the  crop  on  soil  having  less  moisture,  but  results  of  this  nature 
are  cited  elsewhere  in  this  bulletin. 


Sanborn'' reports  experiments  to  ascertain  the  effect  of  separating 
seed  wheat  into  kernels  of  different  grades  to  ascertain  the  effect  upon 
the  yield.  He  divided  the  kernels  into  large,  medium,  small,  ordinary 
(grain  as  it  came  from  the  thrasher) ,  and  shriveled,  and  continued 
the  experiments  for  four  years.  Apparently  the  large  kernels  were 
separated  from  the  crop  grown  from'lai^e  seed  the  previous  year,  and 

<•  Utah  Experiment  St&tion  Bulletin  SO. 

''Nitrogen  has  been  calculated  from  proteids  by  dividing  by  6/25. 

'Utah  Experiment  Station  Report,  1893,  p.  1I>S. 
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80  with  the  other  classes  of  kernels.     He  tabulates  his  results  as 
follows : 


IMO. 
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l'*"'^™' 
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The  relation  between  jrields  of  the  crops  representing  different 
sized  kernels  is  so  irregular  from  year  to  year  that  suspicion  is 
aroused  regarding  the  accuracy  of  the  results,  due  to  lack  of  uni- 
formity in  soil.  Sanborn's  conclusion  is  that  very  little,  if  any, 
advantage  is  to  be  gained  by  separating  seed  wheat  and  planting 
the  large  kernels. 

At  the  Indiana  Experiment  Station,  Latta''  conducted  experi- 
ments in  which  wheat  was  separated  by  means  of  a  fanning  mill  into 
heavy  and  light  kernels,  but  impurities  and  chaffy  seed  were  fanned 
out  of  each  lot  of  wheat.  The  experiments  were  continued  three 
years,  but  the  separations  were  made  each  year  from  seed  that  had 
not  been  so  separated  the  year  before.  The  average  gain  from  the 
large  seed  for  three  years  was  2.5  bushels  per  acre. 

Georgeson,*  at  the  Kansas  station,  seeded  plots  of  land  with  (1) 
light  seed  weighing  56  pounds  per  bushel,  (2)  common  seed  weighing 
62.3  pounds,  (3)  heavy  seed  weighing  63  pounds,  and  (4)  selected 
seed,  obtained  by  picking  the  largest  and  finest  lieads  in  the  field  Just 
before  the  crop  was  cut,  weighing  61.5  pounds  per  bushel.  Seed  was 
separated  each  year  from  wheat  not  grown  from  previously  selected 
seed.     The  average  results  for  three  years  were  as  follows: 


Gnde  of  seed. 


Desprez'^  reports  experiments  extending  through  three  years  in 
which  large  kernels  were  selected  from  a  crop  grown  from  large  seed 

1 1ndiana  Expenment  Station  Bulletin  36,  pp.  110-128. 
b  Kansas  Experiment  Station  Bulletin  40,  pp.  51-62. 

'Abstract,  Experiment  Station  Record,  7,  p.  679,  from  Jour.  Agr.  Prat.,  59  (1895),  2, 
pp.  694-698. 
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for  several  years  and  small  seed  from  a  crop  grown  from  small  seed 
for  several  years.  Five  varieties  of  wheat  were  used.  The  average 
results  for  three  years  were  a  difference  of  1,067  to  1,828  kilograms 
of  grain  per  hectare  in  favor  of  the  large  seed,  but  the  difference  was 
in  general  greater  the  first  year  than  later.  The  use  of  large  seed 
gave  a  crop  with  kernels  larger  than  those  grown  from  small  seed. 

Middleton"  reports  the  yields  obtained  from  large  wheat  kernels 
to  be  almost  double  those  obtained  from  small  seed  kernels. 

Bolley,*  as  the  results  of  experiments  continuing  for  four  years  in 
which  plump  kernels  of  laig;e  size  and  plump  kernels  of  small  size 
were  selected  for  seed,  concludes  that  "perfect  grains  of  large  size 
and  greatest  weight  produce  better  plants  than  perfect  grains  of 
small  size  and  light  weight,  even  when  the  grains  come  from  the  same 
head." 

At  the  Ontario  Agricultural  College.  Zavitz""  selected  large  plump 
seed,  small  plump  seed,  and  shrunken  seed  of  both  spring  and  winter 
wheat.  Experiments  were  continued  for  eight  years  with  spring 
wheat  and  five  years  with  winter  wheat,  the  selections  each  year 
being  from  a  crop  grown  from  previously  unselected  seed.  His 
results  are  as  follows: 


Dehorain  and  Duponf*  report  that  the  yields  from  small  and  large 
kernels  of  a  number  of  varieties  of  wheat  were  in  all  cases  in  favor  of 
the  large  kernels,  but  a  large  difference  in  yield  was  obtained  only 
when  there  was  a  marked  difference  in  the  weight  of  the  kernels. 

Soule  and  Vanatter'  conducted  experiments  for  three  years  in 
which  large  and  small  kernels  were  separated  by  means  of  sieves. 
In  addition  a  plot  of  imselected  seed  was  planted.  The  large  seed 
was,  each  year  after  the  first,  selected  from  the  crop  grown  from 
large  seed  the  previous  3"ear.  The  same  was  tme  of  the  small  seed. 
These  investigators  say: 

"Abstract,  Experiment  Slation  Record,  12,  p.  4-11,  from  Univ.  Coll.  of  Wales  Ropt., 
ISfifl,  pp.  68-70. 

*  Xortli  Dakota  Experiment  Station  Report,  1901 ,  p.  30. 

'" Ontario  Agricuitura)  Collefre  and  Experiment  Farm  Report,  1901 ,  p,  84. 

''Abstract,  Experimeol  Station  Record,  15,  p.&TZ,  from  Compt.  Rend.,  136  (1902), 
p.  CM. 

"Tennessee  Experiment  Station  Bulletin,  vol.  16,  No.  4,  p.  77. 
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The  average  dilTereDce  in  yield  at  the  end  of  three  yeara  between  large  grains  (607  per 
ounce),  commercial  sample  (689  per  ounce),  and  smalt  grains  (882  per  ounce),  with  Med- 
iterranean wheat,  was  2.06  bushels  in  favor  of  targe  grains  as  compared  with  the  commercial 
sample,  and  5.18  bushels  in  faror  of  large  grains  over  small  gruns.  The  dilTerence  in  yield 
betw*een  the  tai^  grains  and  the  commercial  sample  chiefly  occurred  the  first  year;  but  it 
is  possible,  though  hardly  probable,  that  the  difTerence  was  partly  due  to  fariatioD  in  the 
soil.  The  experiment  has  been  carried  an  in  dilTerent  parts  of  the  field  for  the  last  two 
years,  and  the  dilTerence  in  yield  is  now  onl3-  0.32  bushel  per  acre  in  favor  of  the  large  grains. 

Cobb"  reports  tests  of  various  grades  of  wheat  kernels  with  respect 
to  size,  and  concludes  that  large  kernels  give  better  yields  of  grain. 
The  seed  of  one  year  was  not  the  product  of  the  corresponding  grade 
of  the  previous  one.  . 

Grenfell*  selected  plump  and  shriveled  kernels  from  the  same  bulk 
of  grain.  Of  these  150  kernels  were  sown  in  each  row,  with  rows  of 
plump  and  shriveled  kernels  alternating.  The  germination  in  both 
rows  appeared  much  alike,  but  the  plants  in  the  rows  sown  from 
plump  grain  soon  began  to  gain  on  the  others  and  kept  ahead  for  the 
remainder  of  the  season.  The  tillering  was  better  in  the  plump- 
grain  plants.     Grenfell  tabulates  his  results  thus: 


^r^J^ '  Nl"il>a>- 1  Tillering  '  ^}^P" 


St^nwedd Plump... 

Do ShriTOled 

Purple  Straw _..do... 


8hri™iBd.. 

Do Bhrlveted.. 

Plump-kernel  ai-erjutPS 


As  bearing  upon  this  subject  some  experiments  conducted  by 
Kunker'"  are  of  interest.  He  weighed  each  of  the  kernels  of  a  large 
number  of  beads  of  wheat  of  the  Spalding  Prolific  and  Martin  Amber 
varieties,  and  found  that  the  heaviest  kernels  occur  in  the  lower  half 
of  the  spike.  Witli  spikes  of  different  lengths  and  weights,  the 
weight  of  the  average  kernel  increases  with  the  size  of  the  spike. 

Weights  of  individual  kernels  from  the  same  spikes  show  that 
there  is  a  great  range  in  this  respect.  One  spike,  of  which  Rfmker 
gives  the  weights  of  all  the  kernels,  and  which  is  given  as  representa- 
tive of  the  average,  shows  kernels  varj'ing  in  w"eight  from  36  to  71 
milligrams. 

a  Agricultural  Gazette  of  New  South  Wales,  14  ( 1903).  No.  2,  pp.  145-199. 
i>  Agricultural  Gawtte  of  New  South  Wales,  12  {1901 ),  No.  9,  pp.  1053-1062. 
'  Jour.  f.  Laodw.,  38  (1890),  p.  309. 
27889— So.  78—05 3 
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It  is  therefore  quite  evident  that  a  sample  of  wheat  taken  from 
spikes  of  different  sizes  when  separated  into  lots  of  light  and  heavy 
kernels  would  have  both  the  larger  spikes  and  smaller  spikes  repre- 
sented in  each  lot  of  kernels,  but  doubtless  the  proportion  of  kernels 
from  large  heads  would  be  greater  in  the  lot  of  heavy  kernels. 

It  would  appear  from  these  results  that  the  evidence  was  over- 
whelmingly in  favor  of  large  or  heavy  wheat  kernels  for  seed.  Most 
of  the  experimenters  selected  seed  of  different  kinds  each  year  without 
reference  to  previous  selection.  If  large  seed  or  small  seed  represent 
plants  of  different  characteristics  and  if  these  properties  are  hered- 
itary, the  results  of  selection  of  large  or  small  seeds  for  several 
years  may  be  quite  different  from  what  they  would  be  the  first  year. 
It  is  only  those  experiments  in  which  selection  of  the  same  kind  of 
seed  has  been  continued  for  several  generations  that  may  be  relied 
upon  to  indicate  the  value  of  continuous  selection  of  large  kernels 
for  seed . 

Such  experiments  have  been  conducted  by  Sanborn,  by  Desprez, 
and  by  Soule  and  Vanatter.  The  work  of  Desprez  indicates  that  the 
size  of  the  kernel  is  a  hereditary  quality.  That  being  the  case,  it  is 
evident  that  the  small  seed  of  the  first  separation  may  be  composed 
partly  of  seed  that  is  small  on  account  of  immaturity  and  partly  of 
seed  that  is  small  by  inheritance,  but  which  is  perfectly  normal. 
When  such  seed  is  planted  the  immature  seed  will  be  largely  elimi- 
nated in  the  crop,  but  the  naturally  small  seed  will  have  reproduced 
itself  and  will  compose  most  of  the  crop.  When  the  seed  is  again 
separated  a  much  smaller  percentage  of  small  seed  will  be  immature, 
and  in  consequence  a  larger  number  of  kernels  will  produce  plants. 
It  would  appear  from  Desprez's  experiments,  however,  that  those 
plants  producing  small  kernels  are  not  so  prolific  as  those  producing 
large  kernels. 

Sanborn's  results  make  a  very  good  showing  for  the  small  kernels, 
but,  as  before  stated,  the  extreme  irregularity  would  lead  to  the 
belief  that  the  soil  on  the  plots  lacked  uniformity,  or  that  some  other 
errors  had  influenced  the  results.  To  offset  this  the  tests  cover  a 
period  of  four  years,  which  should  help  to  rectify  mistakes,  and  in 
consequence  the  good  showing  made  by  the  small  kernels  is  entitled 
to  some  consideration. 

Soule  and  Vanatter's  results  fulfill  exactly  the  conditions  of  the 
hypothesis  that  the  small  seed  would  the  first  year  contain  a  much 
larger  proportion  of  immature  kernels  than  it  would  in  subsequent 
years,  and  hence  jield  more  poorly  the  first  year.  Their  results  with 
heavy  kernels  as  compared  with  ordinary  seed  offer  little  encourage- 
ment to  the  continuous  selection  of  lai^  kernels. 
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The  fact  before  referred  to  that  both  large  and  small  kernels  are 
found  on  the  aame  head  of  wheat  is  perhaps  an  argument  against  the^ 
superior  value  of  large  seed.  If  the  plant  and  not  the  seed  is  the  unit 
of  reproduction,  small  seed  from  a  plant  whose  kernels  averaged 
large  size  may  be  better  than  large  seed  from  a  plant  whose  kernels 
averaged  small  size. 

On  the  other  hand,  there  can  be  no  doubt  that  the  majority  of  the 
kernels  in  the  lot  of  heavy  kernels  would  be  from  plants  having  large 
spikes,  and  vice  versa.  This  would  give  the  kernels  in  the  heavy  lot 
some  advantage.  Again,  the  advantage  that  the  large  kernel  is  sup- 
posed to  possess  for  seed  may  not  be  in  producing  a  large  kernel  in 
the  resulting  crop,  but  in  giving  the  plant  a  better  start  in  life,  or 
producing  a  more  vigorous  plant. 

RELATION    OF   SIZE    OF    KERNEL   TO    NITROGEN    CONTENT. 

Richardson  "  has  made  a  large  number  of  analyses  of  wheats  from 
different  parts  of  the  United  States.  The  weight  of  100  kernels  was 
also  determined  in  each  sample.  There  can  not  be  said  to  be  any 
constant  relation  between  the  nitrogen  content  and  the  kernel  weight, 
but  in  the  main  the  large  kernels  have  a  lower  percentage  of  nitrogen 
than  the  small  kernels,  and  inversely, 

Pagnoul*  reports  that  in  a  test  of  eleven  varieties  of  wheat  there 
was  in  the  main  a  decrease  in  the  percentage  of  nitrogen  in  the  crop 
as  compared  with  the  seed  when  there  was  an  increase  in  the  weight 
of  1,000  kernels  in  the  crop  as  compared  with  the  seed. 

The  same  investigator  ■"  again  states  that  in  an  examination  of 
seventy  varieties  of  wheat  there  was  no  constant  relation  between 
the  size  of  the  kernels  and  their  nitrogen  content,  but  that  in  general 
the  varieties  with  small  kernels  were  the  varieties  richest  in  nitrogen. 

Marek"  separated  wheat  of  the  same  variety  into  lots  of  lar^e  and 
of  small  kernels.  lie  found  on  analysis  that  the  lai^e  kernels  con- 
tained 12.52  per  cent  protein  and  the  small  kernels  13.55  per  cent 
protein. 

Woods  and  Merrill'  made  analyses  of  a  number  of  wheats  grown 
in  Minnesota  and  of  the  same  varieties  grown  in  Maine.  The  wheats 
uniformly  developed  a  larger  kernel  when  grown  in  Maine.  Grouping 
five  varieties  raised  in  Minnesota  and  five  raised  in  Maine,  it  will  be 
seen  that  with  this  increase  in  the  size  of  the  kernel  there  was  a 

n  U.  S.  Department  of  Agriculture,  Division  of  Chemiattr.  Bulletins  1  and  3. 
hAbatract  io  Centrlb.  f.  Agr-  Chem.,  1893,  p.  616,  from  Ann.  Agroo..  1S92,  p.  486. 
c  Abstract  in  Centrlb.  f.  Agr.  Chem.,  1888,  p.  767,  from  Ann.  Agron.,  14,  pp.  262-272. 
''Abstract  in  Centrlb.  f.  Agr.  Chem.,  1876,  from  Landw,  Zeitung  f.  Westfalen  u.  Lippe, 
1875.  p.  362. 

'MaJDe  Experiment  Station  Bulletin  97. 
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decrease  in  the  nitrogen  content.     The  analyses,  reduced  to  a  water- 
free  basis,  are  as  follows: 


In  a  review  of  the  experiments  concerning  the  relation  of  weight 
to  composition  of  cereals,  Gwallig"  says  that  the  results  obtained 
by  Marek,  Wollny,  Mftrcker,  Iloffmcister,  and  Nothwang  divide 
barley  and  rj'c  into  one  group,  and  wheat  and  oata  into  another,  as 
regards  this  relation.  With  barley  and  rye,  the  largest,  heaviest 
kernels  are  the  richest  in  protein.  With  wheat  and  oats,  the  smallest, 
lightest  kernels  liave  the  highest  protein  content. 

Gwallig  says  further  that  with  an  increased  protein  content  there 
is  a  decrease  in  nitrogen-free  extract.  The  fat  and  ash  do  not  stand 
in  a  definite  relation  to  the  kernel  weight,  but  the  small,  light  kernels 
have  a  higher  percentage  of  crude  fiber,  which  circumstance  is 
accounted  for  by  the  larger  surfat^e  possessed  by  the  smaller  kernels. 

Snj^der*  has  divided  small  kernels  into  two  classes — those  which 
are  small  because  shrunken  and  those  which  are  small  although  well 
filled.  He  finds  that  as  between  small  kernels  of  the  first  class  and 
large,  well-filled  kernels,  the  former  contain  a  higher  percentage  of 
nitrogen,  but  as  between  the  small,  well-filled  and  the  large,  well-filled 
kernels,  the  latter  contain  the  higher  percentage  of  nitrogen.  In 
testing  this  he  used  large  and  small  kernels  of  the  same  variety  in 
each  case,  and  the  wheats  represented  a  large  portion  of  the  wheat- 
growing  area  of  the  United  States.  As  regards  the  relation  of  lai^e, 
perfect,  and  small,  perfetrt  kernels  there  were  twenty-four  out  of 
twenty-seven  cases  in  which  the  large  kernels  contained  a  greater 
percentage  of  nitrogen. 

Johannsen  and  Wcis/  in  experiments  with  five  varieties  of  wheat. 
find  that  as  a  general  rule  the  percentage  of  nitrogen  is  increased 
with  increasing  grain  weight,  but  that  there  are  many  exceptions 
to  the  rule. 

Cohb''  states  that  small  wheat  kernels  contain  a  larger  proportion 
of  gluten  than  do  large  ones,  hut  he  does  not  submit  any  analyses  to 
substantiate  his  statement. 

".MKlract  in  CVtitrlb.  f.  Art.  Cliciii.,  24  {IfflSi.  p.  3«8,  from  Laiidw.  Jalirbuchrr.  23 
(18(141,  p.  S.1.1. 

'■  Minnracita  PIxprriTnent  Station  Hullctin  ti.'). 

'■AlKlrapt,  E.\pprim(>nt  Station  Record,  12,  p.  327,  friim  Tidsskr.  Ijundbr,  PlaDtpavI.,  5 
(1899),  pp.  91-100. 

''Agricultural  Gazette  of  New  South  Wales,  -5  (18»4),  Xo.  4,  pp.  239-230. 
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Kiimicke  and  Werner"  quote  the  experiments  of  Reiset  to  show 
that  ahriveled  kernels  have  a  higher  nitrogen  content  than  plump 
ones.     With  different  varieties  of  wheat  he  found  the  following: 


Viriety. 

™. 

Carleton*  records  the  weight  of  100  kernels  and  the  percentage  of 
"albuminoids"  in  sixty-one  samples  of  wheat  from  various  parts  of 
the  worid.  Dividing  these  into  classes  according  to  the  weight  of 
100  kernels  we  have  the  following: 


Wetghl  ol 

(Sninn). 

(gi»m.). 

Number 

o^vSJ 

2.8a    I         U,58 

Reviewing  these  experiments  there  would  seem  to  be  no  doubt 
that  shrunken  kernels  contain  a  higher  percentage  of  nitrogen  than 
do  well-filted  ones,  but  as  between  large  and  small  kernels,  both  of 
which^re  well  filled,  there  is  not  a  great  deal  of  information.  Snyder's 
experiment.s  are  the  only  ones  that  cover  this  ground,  but  they  are 
extensive  and  very  uniform,  and  may  be  considered  as  deciding  the 
question  in  favor  of  a  higher  nitrogen  content  for  the  large  kernels, 
so  far  as  small,  plump  kernels  and  large,  plump  kernels  are  concerned. 
But,  as  small  and  light  kernels  are  usually  not  plump,  taking  the 
crop  as  a  whole  and  dividing  it  equally  into  lar^e  and  small  or 
heavy  and  light  kernels,  the  evidence  would  be  in  favor  of  the  small 
or  light  kernels  for  high  nitrogen  content.  As  between  wheats  from 
different  regions  and  of  different  varieties,  those  having  small  kernels 
are  generally  of  higher  nitrogen  content. 

IXFLUENCB    Of    the    SPECIFIC    GRAVITY    OF    THE    SEED    KERNEL    UPON 
YIELD. 

Sanborn"  separated  seed  wheat  with  a  .sieve  into  large,  medium, 
email,  and  shriveled  kernels.    The  lai^e  seed  was  separated  by  means 

"Handbuch  des  Getreidebaues,  1,  pp.  520-521,  Berlin,  1884. 

*1T.  S.  Department  of  Agriculture,  Division  of  Vegetable  Physiology  and  Pathology, 
Bdletiu  24.  * 

*■  Abstract,  Eiperiinent  Station  Record,  5,  p,  58,  from  Utah  Experiment  Station  Report, 
1892,  pp.  133-135. 
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of  a  brine  solution  into  two  nearly  equal  parts.  The  seed  thus  sepa- 
rated was  planted  on  separate  plots.  The  experiment  was  con- 
tinued three  years.  The  heavy  seed  yielded  10.8  bushels  and  the 
light  16.3  bushels  per  acre.  Unselected  seed  yielded  16.4  bushels 
per  acre. 

Seed  wheat  of  four  varieties  was  separated  by  Church"  by  means 
of  solutions  of  calcium  chlorid  having  specific  gravities  of  1.247, 
1,293,  and  1.31.  The  seed  was  first  treated  with  a  solution  of  mer- 
curic chlorid  to  remove  adherent  air.  Each  lot  of  seed  was  planted 
separately.     From  the  results  the  following  conclusions  are  drawn: 

(1)  The  seed  wheat  of  tlie  greatest  densitj'  produced  the  densest 
seed. 

(2)  The  seed  wheat  of  the  greatest  density  yielded  the  lai^esl 
amount  of  dressed  grain. 

(3)  The  seed  of  medium  density  generally  gave  the  largest  number 
of  ears,  but  the  ears  were  poorer  than  those  from  the  densest  seed. 

(4)  Seed  of  medium  density  generally  produced  the  lai^est  number 
of  fruiting  plants. 

(5)  The  seed  wheat  that  sank  in  water,  but  floated  in  a  solution 
having  the  densit}'  1.247,  was  of  very  low  value,  yielding  on  an 
average  only  34.4  pounds  of  dressed  grain  for  ever)-  100  yielded  by 
the  densest  seed. 

Haberlandt,''  as  the  result  of  experiments  with  several  cereals,  has 
shown  that  the  comparative  weight  of  kernels  is  transmitted  to  the 
grain  resulting  from  this  seed.  This  was  the  case  with  wheat,  rye, 
barley,  and  oats.     The  results  with  wheat  were  as  follows: 


weight  of  kernels. 

Light.   I  Medium.  I  Heavy. 

Oronn.       flranw.  <  Oramt. 
2».5  31.2  33.0 

34.3  I         33.5  ,  36.3 


WoUny<^  objects  to  the  results  of  the  experiments  by  F.  Haberlandt, 
Cliurch,  Tromriier,  Hellriegei,  and  Ph.  Dietrich  with  various  cereals, 
in  wliich  almost  without  exception  the  kernels  of  high  speciflc  gravity 
produced  the  best  yields,  because  no  distinction  was  made  between 
absolute  weight  and  specific  gravity  in  the  kernels.  He  claims  that 
the  value  of  the  seed  lies  in  the  kernels  of  absolutely  heavy  weight 
rather  than  in  the  kernels  of  high  specific  gravity.  He  concludes 
that  the  specific  gravity  of  the  seed  exerts  no  influence  on  the  yield 
of  the  crop. 

"Scieoce  with  Practice. 
6  Jahrosb-  Agr.  Cliem.,  1866-67,  p.  298. 

"Abstract  in  Centrlb.  f.  Agr.  Chem.,  1887,  p.  169,  from  Forachungen  a.d,  OebieUi  Agri- 
kulturphysik,  9  (1886),  pp.  207-210. 
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In  the  light  of  the  experiments  that  have  been  conducted  with 
seed  wheat  of  high  and  low  specific  gravities,  it  would  appear  that, 
in  general,  seed  of  very  low  specific  gravity  does  not  yield  well,  and 
it  is  evident  that  such  seed  must  be  deficient  in  mineral  matter  and 
is  probably  not  normal  in  other  respects.  There  would  not  appear, 
however,  to  be  any  marked  difference  in  the  productive  capacity  of 
kernels  of  medium  specific  gravity  and  kernels  of  great  specific 
gravity. 

RELATION   OF   SPECIFIC   GRAVITY   OF    KERNEL  TO   NITROGEN    CONTENT. 

Marek"  found  that  with  an  increase  in  the  specific  gravity  of  the 
kernel  there  was  a  decrease  in  nitrogen  content. 

Pagnoul,*  in  testing  seventy  varieties  of  wheat,  found  that  the 
nitrogen  content  rose  with  the  specific  gravity,  but  not  regularly, 
and  that  a  definite  relation  could  not  be  traced. 

Wollny''  took  kernels  df  homy  structure  and  kernels  of  mealy 
structure.  He  says  it  is  generally  recognized  that  the  hard,  horn}- 
kernels  have  a  higher  specific  gravity,  and  that  it  is  commonly 
attributed  to  their  higher  content  of  proteids.  He  contends  that  as 
starch  has  a  higher  specific  gravity  than  protein  the  mealy  kernels 
must  really  have  a  higher  specific  gravity  than  the  horny  ones. 

Kfimicke  and  Werner"  state  the  specific  gravities  of  the  various 
chemical  constituents  of  the  wheat  kernel  as  follows:  Starch,  1.5.3; 
sugar,  1.60;  cellulose,  1.53;  fats,  0.91  to  0.96;  gluten,  1.297;  ash, 
2.50;  water,  1.00;  air,  0.001293.  They  state  also  (p.  121)  that  the 
specific  gravity  of  the  kernel  does  not  stand  in  any  relation  to  the 
volume  weight,  for  the  factor  which  results  from  weighing  a  certain 
volume  mass  is  influenced  by  the  air  spaces  between  the  kernels,  and 
these  depend  upon  the  form  and  size  as  well  as  the  surface  and  acci- 
dental structure  of  the  kernel.  They  also  contend  that  there  is  no 
relation  between  the  volume  weight  and  the  content  of  proteid 
material. 

Schindler'  shows  that  by  tabulating  a  large  number  of  varieties 
of  wheat  from  different  parts  of  the  world,  and  representing  different 
varieties,  there  is  no  relation  between  the  weight  of  1,000  kernels 
and  the  volume  weight  of  100  c.c.  By  separating  these  into  varieties, 
even  when  grown  in  different  localities,  kernels  of  the  same  variety 
did  show  a  definite  and  constant  relation.  The  volume  weight 
increased  with  an  increase  in  the  weight  of  1 ,000  kernels. 


"  Abatract  in  Centrlh.  t.  Agr.  Cheni.,  1876,  p.  46,  from  Ltindw.  Zeitung  f .  Westtalen  u. 
Uppe,  1875,  p.  362. 

6  Abstract  in  Centrlb.  f .  Agr.Chem.,  1888,  p.  767,  from  Ann.  Agron.,  14,  pp.  262-272. 

'  Abstract  in  Centrlb.  f.  A^.  CItem.,  1887,  p.  169,  from  Forschungen  a.  d.  Gebiet«  Agri- 
kulturphyHik. 9  (1886), pp.  207-216. 

''Handbuch  des  Getraidebaues,  2,  p.  120,  Berlin,  1884. 

'Jour.  Landw.,  45  (1897),  p.  61. 
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There  has  long  been  a  desire  manifested  by  workers  in  this  field  to 
establish  some  definite  relation  between  the  specific  gravity  of  the 
wheat  kernel  and  its  composition,  or  at  least  its  nitrogen  content. 
Very  contradictory  results  have  been  obtained  by  several  experi- 
menters, and  little  progress  has  been  made. 

It  is  true  that  the  various  chemical  constituents  that  go  to  com- 
pose the  wheat  kernel  have  diiferent  specific  gravities,  and  as  those 
of  the  carbohydrates  are  all  less  than  those  of  the  proteids  it 
might  be  argued  that  a  wheat  having  a  lai^e  proportion  of  proteid 
material  would  have  a  low  specific  gravity.  However,  the  specific 
gravity  of  the  ash  is  so  much  greater  than  that  of  any  other  constit- 
uent and  the  ash  in  wheats  from  different  soils  and  climates  varies  so 
much  that  these  factors  completely  prevent  the  establishment  of  a. 
definite  relation.  The  size  and  number  of  the  Tacuoles  also  influence 
the  specific  gravity. 

In  general,  it  may  be  said  that  as  between  kernels  of  the  same 
variety  grown  in  the  same  season  and  upon  the  same  soil,  the  specific 
gravity  is  inversely  proportional  to  the  nitrogen  content. 

CONOmONS  AFFECTING  THE  PRODUCTION  OF  NITROGEN  IN  THE  GRAIN. 

■  So  far  as  the  writer  has  been  able  to  ascertain  there  is  no  literature 
bearing  directly  upon  the  conditions  affecting  the  production  of 
nitrogen  in  the  grain  of  wheat. 

Regarding  high  nitrogen  in  the  wheat  crop  as  arising  merely  from 
failure  on  the  part  of  tlie  kernel  to  develop  fully,  it  would  seem  that 
a  high  percentage  of  nitrogen  would  inevitably  be  accompanied  by 
a  small  production  of  nitrogen  per  acre.  This,  however,  does  not 
always  appear  to  be  the  case. 

Taking,  for  instance,  the  yields  of  wheat  obtained  by  Lawes  and 
Gilbert"  for  a  period  of  twenty  years,  which  they  divide  into  two 
periods  of  good  and  of  poor  crops,  each  covering  ten  years,  we  have 
the  following  figures: 


.„™, 

Arerage    i                     1    vi~i.i  .. 

issa           floa'            ■s.a 

■    1 

It  will  be  noticed  that  the  largest  production  of  nitrogen  per  acre 
was  in  those  years  in  which  the  weight  per  bushel  and  the  yield  per 
acre  were  least. 

Of  course  this  is  not  always  the  case,  but  that  it  should  occur  at 
all  is  an  indication  that  the  conditions  that  make  for  high  nitrogen 

"  On  the  Composition  of  the  Ash  of  Wheat  Orein  and  Wheat  Straw,  liondon,  1884. 
D,.,:cdbvG00g[c 
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content  in  the  grain  also  conduce  to  a  large  accumulation  of  nitrogen 
by  the  crop,  or  perhaps  it  would  be  more  accurate  to  say  that  the 
conditions  which  favor  a  large  accumulation  of  nitrogen  by  the  crop 
often  result  in  giving  it  a  high  nitrogen  content. 

Reference  has  already  been  made  to  the  obaervations  of  Deh^rain 
and  Dupont"  on  the  wheat  crops  of  1888  and  1889  at  Grignon.  The 
figures  for  the  yields  of  grain,  the  percentages  of  starch  and  gluten, 
and  the  production  per  acre  of  these  constituents  for  the  two  years 
are  as  follows: 


Yew. 

Yield  of 

(kilos). 

atuten.         Starch.    '    IVUos). 

starch  per 
hecMra 
(kilo.). 

^ 

3,  US 

isif       «;»        S 

2.6» 



From  this  it  will  be  seen  that  for  the  year  in  which  the  yield  of 
grain  was  less  per  acre  the  production  of  gluten  per  acre  waa  greater. 
Apparently  the  conditions  were  favorable  for  a  lai^e  accumulation 
of  nitrogen  by  the  pl&ot  in  1889,  but  were  unfavorable  to  the  pro- 
duction of  starch.  If  the  latter  had  not  been  the  case,  the  crop  of 
1889  would  have  been  larger  than  the  crop  of  1888. 

A  number  of  instance's  of  this  kind  have  occurred  among  the  wheat 
crops  at  the  Nebraska  Experiment  Station.  In  fact,  it  may  be  said 
that,  in  general,  large  yields  of  grain  have  there  been  accompanied 
by  a  low  percentage  of  nitrogen  per  acre  as  compared  with  the  same 
properties  in  small  yields  of  grain.  The  following  table  will  show 
this: 

ProdtuHon  of  nitrogen  per  aert  in  whtal  rawed  at  tht  NtbrasJia  Experijneni  Station. 


Yield  ol 

Ponsnl- 

p 

oUld    1 

nltrogpn 

und8).l 

1990 

ffiT3  ' 

2.40 

m'm  1 

1,830 

id  by  lodging  ol  grain. 

A  word  in  regard  to  the  character  of  the  seasons  that  produced 
these  crops  may  help  to  an  understanding  of  their  differences. 


0  Ann.  Agron.,  28  (1902),  p.  522. 
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The  season  of  1900  was  rather  dry  and  hot  from  the  time  growth 
started  in  the  spring  until  harvest.  There  was  no  time  when  there 
was  an  abundant  supply  of  moisture,  but  occasional  rains  wet  the 
soil  for  a  few  days  at  a  time.  The  temperatures  during  the  day 
were  high  and  the  air  was  dry.  In  1901  the  spring  was  quite  moist 
and  cool  until  June,  when  it  became  extremely  hot  and  dry.  A  few 
days  before  harvest  (he  temperatures  ranged  above  100°  F.  daily, 
with  no  rainfall.  The  season  of  1902  was  the  direct  opposite  of  that 
of  1901,  except  that  the  change  came  earlier.  It  was  extremely  dry 
and  hot  until  the  middle  of  May,  when  abundant  rains  came,  and 
the  temperatures  were  considerably  below  normal  until  harvest. 
The  season  of  1903  was  wet  and  cool  throughout. 

In  general,  it  may  be  said  that  in  those  seasons,  like  1900  and 
1902,  in  which  the  temperatures  were  high  and  moisture  scarce  dur- 
ing all  or  the  eariy  part  of  the  growing  season,  the  grain  had  a  high 
percentage  of  nitrogen,  and  there  was  a  large  production  of  nitrogen 
per  acre.  In  years  of  low  temperatures  and  abundant  moisture, 
as  in  1903,  or  even  when  such  conditions  obtained  late  in  the  sea- 
son, as  in  1901,  there  were  a  low  percentage  of  nitrogen  in  the  grain 
and  a  small  production  of  nitrogen  per  acre. 

High  temperatures  and  scant  moisture  during  early  growth  would, 
therefore,  seem  to  favor  the  accumulation  of  nitrogen  by  the  wheat 
plant. 

It  may  also  be  noted  that  these  are  the  conditions  favorable  to 
the  process  of  nitrification  and  to  the  accumulation  of  nitrates  near 
the  surface  of  the  soil. 

Comparing  the  wheat  crops  grown  at  Rothamsted  for  a  period  of 
twenty  years,  the  yields  and  nitrogen  production  of  which  have  just 
been  stated,  with  the  averages  for  the  Nebraska-grown  wheats  con- 
tained in  the  last  table,  it  will  be  seen  that  the  yields  of  grain  wer« 
lai^er  at  Rothamsted,  but  that  the  production  of  nitrogen  per  acre 
was  considerably  greater  in  Nebraska." 


.„.,.. 

1        peracrool- 

Graln.    JNftrogpn. 

1        <  «»  ' 

e                                                                                                                                       1          '         1            *'■■' 

The  maximum  production  of  nitrogen  per  acre  at  Rothamsted 
during  the  twenty  years  was  38.1  pounds,  wliile  at  Nebraska  it  was 
52.7  pounds. 

There  can  be  little  doubt  as  to  whether  this  difference  was  due 
in  greater  measure  to  soil  fertility  or  to  climate.     Nowhere  is  better 

"  The  yipld  o(  nitrogen  «l  Rothamsted  is  calculated  from  total  organic  nitrogen  while 
at  the  Nebraska  StatioD  it  i»  from  pn)t«id  nitrogen. 
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tillage  given  or  are  crops  more  scientifically  provided  with  food 
than  at  Rothamsted.  It  is  true  that  of  the  ten  plots  of  land  on 
which  these  wheats  were  raised  one  received  no  manure  and  three 
were  not  sufficiently  manured.  In  order  to  make  the  comparison 
more  favorable  to  the  English  environment,  the  five  plots  completely 
manured  and  producing  the  largest  yields  may  be  taken.  The  yield 
of  nitrogen  per  acre  was  36.4  pounds  for  the  years  1852-1861  and 
34.6  pounds  for  1862-1871.  Even  with  the  best  manuring  the  yields 
of  nitrogen  fall  very  much  short  of  those  in  Nebraska. 

In  Nebraska  no  commercial  fertilizers  had  ever  been  used  on  the 
land  on  which  the  wheats  were  grown,  but  farm  manure  had  been 
applied.  Tlie  soil  was  a  heavy  one,  well  adapted  to  wheat  growing, 
and  had  been  well  tilled.  It  had  been  well  manured  for  corn  in  a 
rotation  of  com,  oats,  and  wheat.  The  varieties,  with  the  exception 
of  Turkish  Red,  had  just  been  introduced  from  Europe  and  had  not 
fully  adapted  themselves  to  the  new  environment.  The  average 
nitrogen  production  for  the  only  acclimated  variety,  Turkish  Red, 
was  48  pounds  per  acre.  It  would  seem,  therefore,  that  a  climate 
affording  high  temperatures,  drj'  air,  and  a  moderately  dry  soil  is 
favorable  to  the  accumulation  of  a  large  amount  of  nitrogen  by  the 
wheat  plant,  provided  there  is  a  large  supply  of  nitrogen  in  the  soil. 

The  heat  and  scant  soil  moisture  are  doubtless  instrumental  in 
making  available  the  nitrogen  of  the  humus,  and  the  bright  sunshine 
and  dry,  hot  air  stimulate  growth  and  increase  transpiration. 

It  has  just  been  said  that  hot,  dry  weather  in  the  early  growing 
season  contributes  to  a  large  nitrogen  accumulation  by  the  wheat 
plant.  The  same  conditions  cut  short  the  growing  period  of  the 
plant  and  prevent  the  large  accumulation  of  starch  that  takes  place 
in  the  kernel  of  wheat  raised  in  a  cool  or  moist  region.  It  thus 
happens  that  such  wheats  are  high  in  nitrogen  and  low  in  starch. 

The  properties  of  the  wheat  kernel  characteristic  of  a  continental 
climate  and  rich  soil  are  probably  due  to  rapid  nitrification  and 
highly  stimulated  growth  causing  a  large  accumulation  of  nitrogen 
by  the  crop,  and  to  incomplete  maturation,  caused  either  by  heat, 
or  frost,  or  lack  of  moisture,  resulting  in  high  nitrogen. 

It  would  be  interesting  to  know  what  relation  the  production  of 
nitrogen  per  acre  bears  to  the  production  of  mineral  matter,  but 
the  necessary  figures  are  not  at  hand. 

The  wheat  kernel  produced  in  a  continental  climate  is  not  usually 
plump  as  compared  with  the  kernel  produced  in  an  insular  or  coastal 
one.  The  yield  of  grain  per  acre  is  also  usually  less.  That  this  is 
due  to  incomplete  maturation  is  shown  by  the  fact  that  winter 
varieties  of  wheat  that  make  their  growth  early  in  the  season  always 
yield  better  than  spring  varieties.  The  latter,  on  the  other  hand, 
have  a  higher  percentage  of  nitrogen,  but  usually  not  so  large  a 
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nitix^en  production.  Their  disadvantage  lies  in  the  fact  that  their 
roots  are  not  sufficiently  developed  to  absorb  a  large  quantit}'  of 
nitrogenous  matter  at  the  time  most  favorable  for  its  accumulation. 
As  a  maximum  nitrogen  accumulation  is  the  chief  desideratum, 
spring  wheats  are  not  desirable  where  winter  ones  can  be  grown. 

This  does  not  mean  that  a  variety  of  wheat  which  has  been  grown, 
for  instance,  in  England  will  show  all  the  qualities  of  an  inland 
wheat  when  first  grown  in  Kansas  or  Nebraska.  Such  a  wheat  will 
undei^  modifications  that  will  give  it  some  of  these  qualities,  such, 
for  instance,  as  less  well-filled  kernels,  and  less  weight  per  bushel. 
On  the  other  hand,  the  Turkish  Red  wheat,  when  raised  in  a  cool, 
moist  climate,  becomes  later  maturing,  and  the  kernel  becomes 
plumper,  more  starchy,  and  softer.  It  is  between  varieties  adapted 
each  to  its  peculiar  climate,  and  raised  there  for  years,  that  these 
distinctions  are  most  marked,  but  the  fact  that  a  modification  of 
any  variety  begins  at  once  when  transferred  from  one  climate  to 
another  shows  that  such  quahties  as  those  mentioned  are  influenced 
by  the  climate. 

It  must  be  quite  apparent,  although  it  has  not  often  been  remarked, 
that  the  ordinary  selection  of  seed  wheat  to  increase  the  yield  has 
resulted  in  producing  a  grain  of  lower  nitrogen  content. 

This  has  been  noticed  by  Girard  and  Lindet"  and  by  Biffen,*  and 
incidentally  by  Balland,'"  who,  in  commenting  on  the  decrease  in 
the  nitrogen  content  of  wheat  in  northern  France  and  the  increased 
yields,  attributes  the  former  to  a  deficiency  of  nitrogen  in  the  fer- 
tihzers  used,  and  states  that  the  gluten  in  the  wheat  of  that  region 
in  1848  ranged  from  10.23  to  13.02  per  cent,  while  fifty  years  later 
it  ranged  from  8,96  to  10.62  per  cent.  In  the  same  time  the  aver- 
age yield  increased  from  14  to  17.5  hectoliters  per  hectare.  In  the 
light  of  the  results  of  experiments  to  ascertain  the  efTect  of  nitroge- 
nous fertilizers  upon  the  composition  of  wheat,  it  can  not  be  supposed 
that  this  decrease  in  nitrogen  content  can  be  due  primarily  to  lack 
of  nitrogen.  It  would  seem  more  likely  that  the  increased  yield 
was  largely  due  to  the  deposition  of  starch  in  the  grain,  and  that 
consequently  the  percentage  of  gluten  was  smaller. 

Has  the  improvement  in  the  yield  of  wheat  been  accompanied  by 
a  greater  yield  of  nitrogen  per  acre?  It  is  evident  that  the  increase 
in  the  grain  and  that  in  the  nitrogen  are  not  proportional,  but  it  is 

<•  Le  Frometit  el  sa  Monture,  Paris,  1903. 
*  Nftlure  (London),  69  (1903),  No.  1778,  pp.  92,  93. 

<■  Abstract  in  Ceotrlb.  (.  Agr.  Chem.,  1897,  p.  785,  from  Compt.  Rend,,  124  (1897), 
p.  15S. 
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<iesirable  to  know  whether  there  has  been  any  increase  in  nitrogen 
per  acre.  Returning  to  the  figures  given  by  Balland  it  will  be  seen 
that  the  wheat  of  1848  produced  on  an  average  163  kilos  per  hec- 
tare, while  that  of  fifty  years  later  produced  171  kilos,  an  increase 
of  about  5  per  cent  in  gluten  per  hectare,  with  an  increase  of  25  per 
cent  in  yield.  These  figures  can  not,  of  course,  be  taken  as  strictly 
accurate,  as  they  are  based  merely  on  what  M.  Balland  refers  to  as 
the  range  of  nitrogen  content. 

Some  data  on  this  subject  are  available  in  the  published  records 
of  wheat  improvement  at  the  Minnesota  Experiment  Station," 
Yields  and  gluten  content  of  improved  varieties  and  of  the  original 
variety  from  which  the  improved  strains  have  been  developed  by 
selection  are  given.  The  figures  cover  the  same  seasons  for  all 
varieties,  and  the  averages  of  six  trials  are  reported  for  each,  as 
follows: 


Variety. 

!  Yield  rer 

i    n-.i 

?#  IS, 

13,8             207-4 

ill;    Si 

Kltrogm 
(pSuSdO, 

M4 

■Ota  No.  li.H.  produced  fiom  lluyne's  Blue  Slem.. 

In  each  case  the  new  variety  yielded  more  grain  per  acre,  possessed 
a  lower  gluten  content,  and  produced  more  nitrogen  per  acre  in  the 
grain.  It  should  be  explained  that  determinations  of  gluten  and 
baking  tests  were  made  of  strains  of  wheat  produced  by  the  selection 
of  individual  plants,  and  that  the  quantity  and  quality  of  the  gluten 
in  these  strains  were  considered  in  deciding  which  strain  was  to  be 
perpetuated.  For  that  reason  the  gluten  content  of  the  improved 
wheat  is  doubtless  greater  than  it  would  have  been  if  no  attention 
had  been  paid  to  those  qualities.  Incidentally  it  may  be  stated 
that  the  quality  of  the  gluten  in  these  new  varieties  of  wheat  origi- 
nated by  Professor  Ilays  is  much  better  than  that  in  the  original 
varieties.  The  difference  between  selection  for  gluten  carried  on  in 
this  way  and  selection  for  gluten  applied  to  the  individual  plant  is 
that  the  latter  must  increase  many  times  the  opportunity  for  devel- 
oping a  strain  of  desirable  gluten  content. 

Returning  to  the  nitrogen  production  per  acre,  it  is  apparent  that 
it  is  slightly  greater  in  the  improved  wheats,  or  at  least  is  not  less 
than  in  the  original  varieties.  This  is  encouraging,  as  it  indicates 
the  possibility  of  increasing  the  production  of  gluten  per  acre. 


a  Minnesota  Experiment  SlBtioa  BuUettn  6 
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Gluten  18  the  valuable  constituent  of  wheat.  The  wheat  growing 
of  the  future  may  be  looked  upon  as  a  gluten-producing  industry. 
The  problem  is  to  secure  the  highest  possible  quantity  and  quahty 
of  gluten  per  acre.  If  this  can  be  done  by  sacrificing  starch  produc- 
tion, it  will  be  economical.  Starch  can  be  more  cheaply  produced 
in  other  crops  and,  if  necessary,  added  to  the  flour  of  wheat. ' 

It  may  be  argued  that  this  is  not  to  the  interest  of  the  farmer. 
But  it  is  clearly  to  the  interest  of  mankind  and  any  step  toward 
its  accomplishment  must  in  the  end  redound  to  the  advantage  of 
the  farmer. 
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SOME  PROPERTIES  OF  THE  WHEAT  KERNEL. 


If  a  number  of  wheat  kernels  of  the  same  variety  and  raised  under 
similar  conditions  are  separated  into  approximately  equal  part^  with 
regard  to  their  specific  gravity,  the  kernels  of  low  specific  gravity 
will  be  found  to  contain  a  higher  percentage  of  both  total  and  proteid 
nitrogen  than  the  kernels  having  a  high  specific  gravity. 

A  number  of  samples  of  wheat  grown  in  different  years  and  repre- 
senting different  varieties  were  separated  into  approximately  equal 
parts  by  throwing  the  kernels  into  a  solution  of  calcium  chlorid  hav- 
ing such  a  density  that  about  half  the  kernels  would  float  and  the 
other  half  sink.  The  specific  gravity  of  the  solution  in  which  each 
sample  was  separated  is  given  in  Table  1  and  the  signs  <  and  >  are 
used  to  represent  "less  than"  and  "greater  than,"  respectively. 
Thus  "<1.29"  means  that  the  kernels  have  a  specific  gravity  of  less 
than  1.29,  while  ">1.29"  indicates  that  the  kernels  have  a  specific 
gravity  greater  than  1.29. 

Table  1. — Analyttt  of  kernels  <fhigh  and  of  low  tpecijic  gramty. 

Pereenuge  oJ—  i 

itil  Pnitcid 

ygai.    nitrogen." 
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opratald  n[trogeQinthiipap«r ^nitrogen by Stuuer*!  m«ttiod. 


ullrogen. 


'  Name  ol  variety  b. 


^  |l[[c|[mui,  grown  \a  1803, 

^  JTurtlih  Red.  grown  In  1897. 

54  ISpriiig  wheat,  Marvel,  grown 

«3  (    tnlW7. 

82  ISprlng  wheat.  Velvet  Chaff 

«5  i    grown  iD  1807. 

^  |Turk[Bh  Red,  grown  In  I»8. 

=  pmteld  nitrogen  x  5.7. 


With  the  exception  of  serial  Nos.  30  and  31  the  kernels  of  low 
specific  gravity  have  in  each  case  a  higher  percentage  of  both  total 
and  proteid  nitrogen  than  have  the  kernels  of  high  specific  gravity. 
It  will  also  be  noticed  that  the  percentage  of  nonproteid  nitrogen  is 
greater  in  the  kernels  of  low  specific  gravity. 

Samples  of  wheat  were  also  divided  into  light  and  heavy  portions 
by  means  of  a  machine  which  operates  bj"  directing  upward  a  current 
of  air,  the  velocity  of  which  can  be  regulated.  Into  this  current  the 
grain  is  directed.     The  result  is  that  the  heavy  kernels  and  the  large 
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kernek  fall,  and  the  light  kernels  and  small  kernels  are  driven  out. 
The  separation  thus  accomplished  is  somewhat  different  from  that 
effected  by  a  solution,  the  difference  being  that  the  latter  separates 
the  kernels  entirely  according  to  their  specific  gravities  while  with 
the  air  blast  a  large  kernel  of  a  certain  specific  gravity  might  descend 
with  the  heavy  kernels,  when  if  it  were  smaller,  although  of  the  same 
specific  gravity,  it  would  be  blown  out. 

The  number  of  light  kernels  that  descend  on  account  of  their  large 
size  is  relatively  small,  owing  to  the  fact  that  large  kernels  are,  as  a 
rule,  of  higher  specific  gravity  than  small  ones.  The  following  test 
was  made  to  determine  the  relation  between  the  size  of  wheat  ker- 
nels and  their  specific  gravity.  An  average  lot  of  wheat  was  nearly 
equally  divided  by  means  of  two  sieves  into  three  portions  represent- 
ing medium,  small,  and  large  kernels.  Each  of  these  portions  was 
then  thrown  upon  solutions  of  the  same  specific  gravity,  and  the  pro- 
portion by  weight  that  floated,  or  light  seed,  and  the  proportion  that 
sank,  or  heavy  seed,  were  determined. 

Table  2. — Proportion  ofiighl  and  of  heavy  teed. 


■y  seed  Light  seed  _ 


Heavy.  ,    hl^tit. 


The  weight  of  light  kernels  among  the  small  was  nearly  twice  that 
of  light  kernels  among  the  large  seeds. 

Analyses  of  samples  of  wheat  separated  by  this  machine  into  light 
and  heavy  kernels  gave  about  the  same  results  as  the  samples  sepa- 
rated by  solutions  of  certain  specific  gravities. 

Taslb  3. — Analyses  of  large,  heai'y  Icrmtls  and  afimaS,  light  kemds. 
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It  thus  becomes  very  apparent  that  the  percentage  of  nitrogen  Ja 
relatively  greater  in  the  light  wheat  selected  in  the  manner  described. 

It  is  well  known  that  immature  wheat  is  ,of  lighter  weight  than 
mature  wheat  and  that  it  contains  a  greater  percentage  of  nonproteid 
nitrogen.  In  a  field  of  wheat  there  are  always  certain  plants  that 
mature  early,  others  that  mature  late,  and  some  that  never  reach  a 
normal  state  of  maturity.  The  last  condition  is  very  likely  to  occur 
in  a  region  of  limited  rainfall  and  intense  summer  heat.  The  con- 
ditions most  favorable  for  the  filling  out  of  the  grain  are  shown  to  be 
an  abundance  of  soil  moisture  and  a  fair  degree  of  warmth.  The 
more  nearly  the  conditions  are  the  reverse  of  this  the  more  shriveled 
the  kernel  and  the  lighter  the  weight.  In  the  same  variety  and  in 
the  same  field  there  are  kernels  that  are  small  and  shriveled  because 
of  immaturity,  di.sease,  or  lack  of  nutriment.  All  of  these  classes 
would  appear  among  the  "light"  kernels  separated  in  this  way. 

In  order  to  approach  the  question  from  another  standpoint,  a  num- 
ber of  spikes  of  wheat  of  the  Turkish  Red  variety  were  selected  in  the 
field,  care  being  taken  that  all  were  fully  ripe,  and  that  they  were 
composed  of  healthy,  well-formed  kerneLn.  These  spikes  were  sam- 
pled by  removing  one  row  of  spikelets  from  each  spike  and  the  kernels 
so  removed  were  tested  for  moisture,  proteid  nitrogen,  specific 
gravity,  and  weight  of  kernel,  and  from  the  last  two  the  relative 
volume  was  calculated.  It  will  be  shown  later  that  a  sample  taken 
in  this  way  permits  of  an  accurate  estimation  of  the  average  com- 
position of  the  kernels  on  the  spike. 

The  number  of  grams  of  proteid  nitrogen  in  the  row  of  spikelets 
on  each  spike  was  calculated  from  the  data  mentioned,  and  the 
average  weight  of  the  kernels  on  the  row  of  spikelets  was  determined 
from  their  total  weight  and  number,  thus  permitting  of  the  estima- 
tion of  the  number  of  grams  of  proteid  nitrogen  in  the  average  kernel 
on  each  spike. 

In  Table  4  the  spikes  having  a  proteid  nitrogen  content  of  from  2  to 
2.5  per  cent  are  arranged  in  one  group,  and  on  the  same  line  with  each 
spike  are  placed  the  number  of  kerneb  on  one  row  of  spikelets,  weight 
of  these  kernels,  weight  of  average  kernel,  relative  volume  of  average 
kernel,  specific  gravity  of  kernel,  grams  of  proteid  nitrogen  in  one 
row  of  spikelets,  and  grams  of  proteid  nitrogen  in  average  kernel. 
Spikes  having  a  proteid  nitrogen  content  of  from  2.5  to  3  per  cent  are 
similarly  arranged,  and  so  with  all  spikes  up  to  4  per  cent.  The  aver- 
age for  each  group  is  shown  in  the  table. 

There  are,  in  all,  257  spikes,  of  which  18  have  from  2  to  2.5  per  cent 
proteid  nitrogen,  82  from  2.5  to  3  per  cent,  107  from  3  to  3.5  per  cent, 
and  49  from  3.5  to  4  per  cent. 
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Z5  TO  3  PER  CENT  PROTErD  NITROGEN— Continued. 
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Table  5  shows  at  a  glance  the  averages  for  each  of  the  classes  of 
spikes  just  tabulated,  and  permits  of  a  comparison  of  the  average 
figures  for  each  class." 

«  The  deU-munBtiona  of  g^peciHc  gravity  were  mode  by  the  following  method,  devised  by 
Prof.  S.  Avery;  A  light  basket  of  wire  gauze  was  suspended  by  a  hair  from  the  hook  that 
supported  oDe  of  the  pan  hangers  of  tlie  balance.  The  basket  was  allowed  lo  liang  in  a 
beaker  of  benzol  supported  by  a  shelf  above  the  pan.  By  using  a  counterpoise  the  balance 
was  now  brought  to  the  zero  point.  The  balance  was  kept  at  zero  by  the  occitaional  adjust- 
ment of  a  rider  on  the  left  ai-m  of  the  beam.  The  wheat  was  weighed  on  the  pan  of  the 
balance,  then  transferred  lo  the  basket  and  weighed  in  benzol,  and  the  temperature  of  the 
latter  carefully  noted.  The  specific  gravity  was  calculated  from  the  well-known  formula; 
Wt.  in  air  X  sp.  gr.  in  benzol  at  T°..  g 
.  ^Vt.  in  air  -  wt.  in  l>enzol  ^    .^^^^  ,^^  CoOgIc 
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Table  5. — Summary  of  arvdyset  of  sjnkes  of  vAeat,  oTranged  aetording  to  nitrogen  eoniem 
of  Tcemds.     Crop  of  1903. 


From  this  table  it  will  be  seen  that  with  an  increase  in  the  percent- 
age of  proteid  nitrogen  the  number  of  kernels  on  a  row  of  spikelets 
remains  about  constant;  that  in  general  there  were  a  decrease  in  the 
weight  of  the  kernels  on  a  row  of  spikelets  and  a  alight  decrease  in  the 
weight  of  the  average  kernel;  and  that  the  volume  of  the  average 
kernel  decreased,  as  did  the  specific  gravity. 

It  may  safely  be  stated  that  a  liigh  percentage  of  proteid  nitrogen 
was  in  these  spikes  associated  with  a  kernel  of  low  specific  gravity, 
light  weight,  and  small  relative  volume,  and,  as  the  spikes  were 
selected  for  their  ripeness  and  healthy  appearance,  this  relation  can 
not  be  attributed  to  immaturity  or  disease. 

The  table  last  referred  to  shows  a  decrease  in  the  weight  of  the 
kernels  on  the  spike  as  the  percentage  of  proteid  nitrogen  increases; 
but  it  also  shows  that  in  spite  of  the  decrease  in  the  weight  of  the 
kernels  there  is  an  increase  in  the  actual  amount  of  proteid  nitrogen 
they  contain,  and  that  the  same  is  true  of  the  average  kernel. 

Table  6  gives  a  summary  of  the  same  analyses,  arranged  according 
to  the  specific  gravities  of  the  kernels.  All  spikes  whose  kernels  had 
a  specific  gravity  below  1.30  are  grouped  in  one  class,  those  having  a 
specific  gravity  of  1.30  to  1.33  in  another  class,  and  so  on  until  finally 
all  spikes  having  a  specific  gravity  of  more  than  1-42  form  the  last 


Table  6. — Summary  of  anatytea  of  spikrs  of  wheat,  arranged  according  to  »pecific  graviiitt 
ofkemtU.     Crop  of  1902. 
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This  table  shows  no  constant  relation  between  the  specific  gravity 
and  the  number  of  kernels  on  the  spike.  With  an  increase  in  the 
specific  gravity  there  is  an  increase  in  the  weight  of  the  kernels  on  the 
spike,  and  with  some  exceptions  an  increase  in  the  weight  of  the 
average  kernel.  As  the  specific  gravity  increases,  the  percentage  of 
proteid  nitrogen  decreases,  which  agrees  with  the  previous  table. 
The  grams  of  proteid  nitrogen  in  the  kernels  on  the  spikes  and  in  the 
average  kernel  increase  with  the  specific  gravity. 

Table  7  shows  the  summary  of  the  same  analyses,  arranged  accord- 
ing to  the  weight  of  the  average  kernel.  Spikes  whose  kernels  have 
an  average  weight  of  less  than  0,024  gram  form  the  first  class,  and 
each  succeeding  class  increases  by  0.002  gram. 
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There  seems  to  be  no  relation  between  the  weight  of  the  average 
kernel  and  the  number  of  kernels  on  the  spike.  The  weight  of  all 
the  kernels  on  the  spike  naturally  increases  with  the  weight  of  the 
average  kernel.  The  specific  gravity  of  the  kernels  increases  with 
the  weight  of  the  average  kernel.  The  percentage  of  proteid  nitrogen 
decreases  with  an  increase  in  the  weight  of  the  average  kernel,  in 
which  respect  it  agrees  with  the  two  previous  tables.  The  grams  of 
proteid  nitrogen  in  the  average  kernel  and  the  total  proteid  nitrogen 
in  the  spike  increase  with  the  weight  of  the  average  kernel. 

Samples  from  each  of  the  spikes  of  wheat  from  which  these  data 
were  derived  were  planted,  together  with  samples  from  other  spikes, 
all  of  which  have  been  analyzed,  aggregating  SOO  in  all.  Each  kernel 
was  planted  separately  at  a  distance  of  6  inches  each  way  from  every 
other  kernel.  The  kernels  from  each  spike  were  marked  by  a  stake 
bearing  the  record  number  of  the  spike. 

During  the  winter  a  considerable  number  of  plants  were  killed,  so 
that  the  stand  was  irregular  in  the  spring.  In  some  cases  all  of  the 
plants  resulting  from  a  spike  of  the  previous  year  were  killed,  and  in 
other  cases  only  a  portion  of  such  plants.  The  result  was  a  some- 
what uneven  stand,  which  doubtless  gave  certain  plants  an  advantage 
over  others  in  growth  and  yield. 
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When  the  crop  was  ripe  in  1903  each  plant  was  harvested  sepa- 
rately, and  all  of  those  resulting  from  spikes  which  the  previous  year 
had  shown  a  proteid  nitrogen  content  of  more  than  4  per  cent  or  less 
than  2  per  cent  were  analyzed,  as  were  also  a  certain  number  resulting 
from  spikes  of  intermediate  values. 

The  good  kernels  on  each  plant  were  counted  and  weighed,  thus 
giving  a  record  of  the  yield  of  each  plant.  From  these  data  the 
avera^  weight  of  the  kernels  per  plant  was  calculated.  The  specific 
gravity  was  not  determined  and  consequently  the  average  volume  of 
the  kernels  on  each  plant  was  not  calculated,  as  was  done  the  previous 
year. 

In  Table  8  the  plants  harvested  in  1903  are  arranged  in  classes  of 
1  to  2  per  cent  proteid  nitrogen,  2  to  2.5  per  cent,  2.5  to  3  per  cent, 
3  to  3.5  per  cent,  3.5  to  4  per  cent,  4  to  4.5  per  cent,  and  over  4.5  per 
cent.  The  number  and  weight  of  the  kernels  on  each  plant  are  stated, 
as  is  also  the  average  weight  of  each  kernel.  The  number  of  grams 
of  proteid  nitrogen  in  all  the  kernels  of  the  plant  is  shown,  and  also 
the  number  of  grams  of  proteid  nitrogen  in  the  averse  kernel  on  each 
plant.     Table  9  shows  the  average  for  each  class. 

These  results,  so  far  as  they  cover  the  same  ground  as  those  of  the 
previous  year,  have  the  same  significance.  They  show  a  quite  uniform 
although  shght  decrease  in  the  weight  of  the  average  kernel  accom- 
panying an  increase  in  the  percentage  of  proteid  nitrogen,  and  a  very 
marked  increase  in  the  number  of  grams  of  proteid  nitrogen  in  the 
average  kernel.  Especially  marked  is  the  increase  in  the  amoimt  of 
proteid  nitrogen  in  tlie  average  kernel,  amounting  to  28  per  cent  of 
the  weight  of  the  kernel  for  every  1  per  cent  increase  in  the  content 
of  proteid  nitrogen. 

One  column  of  tins  table,  not  contained  in  that  compiled  from 
results  of  the  previous  year,  shows  the  number  of  grams  of  proteid 
nitrogen  contained  in  all  of  the  kernels  on  the  plant;  or,  in  other 
words,  the  proteid  nitrogen  production  of  the  plant.  This  appears, 
on  the  whole,  to  increase  with  the  percentage  of  proteid  nitrogen, 
although  the  results  are  not  sufficiently  consistent  to  permit  of  an 
unqualified  statement  to  that  effect.  The  uneven  stand  of  the  plants, 
before  referred  to,  doubtless  accounts  for  these  inconsistent  results. 

Two  other  columns  contain  data  not  obtained  in  1902.  The  first 
of  these  shows  the  number  of  kernels  per  plant,  which  apparently 
decreases  slightly  as  the  percentage  of  proteid  nitrogen  increases,  but 
this  can  not  be  stated  unqualifiedly.  The  next  column  shows  the 
weight  of  kernels  per  plant,  or  the  yield  per  plant,  which  likewise 
seems  to  decrease  slightly  with  an  increase  in  the  percentage  of  pro- 
teid nitrogen. 
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Table  8. — Aruilysee  <tf  plan 

■ZJi  TO  3  PER  CENT  PROTEID  NITROGEN— Conlli 
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J9(M— Continue 
3  TO  J.S  PER  CENT  PROTEID  NITROOEN-ContlnlKd. 


Vpight  (In  grgniB)  of—  Total 
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1  CENT  PHOTEID  NITROGEN. 
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Table  10  shows  the  analyses  of  the  crop  of  1903  arranged  on  the 
basis  of  weight  of  average  kernel.  Determinations  of  ghadin  and 
glutenin  were  made  in  these  analyses  and  the  sums  of  these  are 
inserted  in  this  table."     All  plants  having  an  average  kernel  weight 

"  Determinations  of  gliadin  and  glufenin  were  made  b;  methods  practically  the  same  as 
those  described  br  Prof.  Ham-  Snyder  in  Bulletin  No.  63  of  the  Mu]Demt«  Experiiaent 
Station,  except  that  smaller  quantities  were  used. 
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of  less  than  0.010  gram  form  the  first  class  and  each  succeeding  class 
increases  by  0.002  gjam.     Table  11  is  a  summary  of  these  analyses. 

Table  10. — Anriym*  of  ^nt»,  aira-nged  aeeording  to  weight  of  awmgekernd.    Crop  of  1903. 
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Table  11. — Sammary  of  analysts  of  plants,  arrangtd  according  to  vxigM  of  average  ierrul. 
Crop  of  1903. 


PrnUld  nitrogen     ^" 


,011)14  '  m  2M«i  I     2.n8  I  .owU2n    . 

ioiMfl  I  23i'  i'.ma  sicB  '.QWihi-'i    '. 

.Olios  '  3a5.»  h.lXa  2.93  .0OU.'iU2O      . 

.01901  I  aio.a  a.6S27  2.«8  ■  .ooo.M7«    . 

.030K.;  38e.a  8.1237  2.60  .0Oa.'>432      . 

.023*.-.  I  S88.I  ,  W.WT9  2.90  I  .0008*2* 

.02.ill   I  316.7  ■  7.9H66  2,86  .OOOTl-M      . 

.029SS  I  240,3  1.M&  2.S1  ■  .0OUK44(l 


With  an  increase  in  t)ie  weight  of  the  kernel,  as  shown  by  this 
table,  there  is  an- irregular  increase  in  the  number  of  kernels  on  the 
plant  up  to  a  point  somewhat  beyond  the  kernel  of  average  weight, 
after  which  there  is  a  decrease.  The  weight  of  the  kernels  on  the 
])lant  seems  to  follow  the  same  rule.  The  percentage  of  proteid 
nitrogen  in  the  kernels  decreases,  in  general,  with  the  weight  of  tlie 
average  kernel,  while  the  number  of  grams  of  proteid  nitrogen  in 
the  average  kernel  increases  steadily.  The  grams  of  proteid  nitro- 
gen in  all  the  kernels  on  the  plant  increase  up  to  the  same  point  as 
do  the  number  of  kernels  on  the  plant,  and  tben  decrease. 

Table  12  shows  the  summary  of  the  analyses  of  the  crop  of  1903, 
ananged  according  to  the  grams  of  proteid  nitrogen  in  the  average 
kernel.  All  plants  having  less  than  0.0003  gram  of  proteid  nitro- 
gen form  the  first  class,  and  the  following  classes  increase  with  each 
0.0001  gram  of  proteid  nitrogen. 

It  is  difficult  to  trace  any  relation  between  the  grams  of  proteid 
nitrogen  in  th^  aveiage  kernel  and  the  number  of  kernels  on  the  plant, 
or  the  weight  of  the  kernels  on  the  plant.  The  weight  of  the  average 
kernel  increases  directly  with  the  grams  of  proteid  nitrogen  in  the 
kernel.  The  percentage  of  proteid  nitrogen  increases  regularly 
with  an  increase  in  the  grams  of  proteid  nitrogen  in  the  average 
kernel.  The  grams  of  proteid  nitrogen  in  all  the  kernels  on  the  plant 
show  no  definite  relation  to  the  grams  of  proteid  nitrogen  in  the 
average  kernel. 

It  becomes  evident  from  these  results  that  selection  of  large, 
heavy  kernels  for  seed  would  result  in  discarding  the  immature 
and  unsound  kernels,  but  that  there  would  also  l>c  discarded  many 
sound  kernels,  which,  although  small  and  of  low  specific  gravity, 
would  contain  a  high  percentage  of  proteids. 
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Another  effect  of  such  selection,  as  indicated  by  the  foregoing 
results,  would  be  to  increase  the  yield  of  grain  from  each  plant 
when  grown  under  the  conditions  that  obtained  in  these  experi- 
ments. What  the  effect  would  be  upon  the  yield  under  ordinary' 
field  conditions  these  experiments  do  not  indicate. 

On  the  other  hand,  selection  based  upon  percentage  of  proteid 
nitrogen  alone  would  not  result  in  securing  plants  of  greatest  yield 
when  raised  under  these  conditions.  It  would,  moreover,  not  result 
in  obtaining  plants  producing  the  greatest  amount  of  proteid  nitro- 
gen, nor  even  of  kernels  containing  the  largest  quantity  of  proteid 
nitrogen. 
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It  will  be  shown  later  that  the  determination  of  gliadin-plus^lu  tenin 
nitrogen  is  a  safer  guide  to  the  bread-making  value  of  wheat  than  is 
a  determination  of  proteid  nitrogen,  but  whether  selection  should  be 
based  upon  the  percentage  of  nitrogen  or  the  total  production  of 
nitrogen  by  the  plant,  or  upon  the  amount  contained  in  the  average 
kernel,  is  a  question  that  can  not  be  solved  except  by  trial  under  field 
conditions. 

Some  results  of  experiments  with  light  and  with  heavy  seed  con- 
ducted on  large  field  plots  fur  several  years  may  throw  some  light 
on  this  subject,  and  are  given  herewith. 

TIELD  OF  NITBOOBN  FEB  AOBE. 

It  is  important  to  know  whether  the  absolute  amount  of  nitro- 
gen per  acre  of  grain  raised  is  greater  in  light  or  in  heavy  wheat. 

If  the  absolute  amount  of  nitrogen  per  acre  is  less  in  light  than 
in  heavy  wheat  the  sup]>osition  would  be  justifiable  that  the  kernels 
were  immature  or  had  been  prematurely  checked  in  their  develop- 
ment. On  the  other  hand,  if  the  amount  of  nitrogen  per  acre  is 
greater  in  the  light  wheat  it  would  be  reasonable  to  suppose  that,  as 
both  had  been  raised  under  the  same  conditions,  the  light  wheat  had, 
in  part  at  least,  come  from  plant.s  that  possessed  greater  ability  to 
acquire  and  elaborate  nitrogenous  material. 
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To  afford  information  on  this  point  analyses  were  made  of  crops 
grown  from  light  and  from  heavy  seed.  Records  of  the  yields  of  the 
plots  were  kept  in  each  case  so  that  the  actual  amount  of  proteid 
nitrogen  contained  in  an  acre  of  each  kind  of  wh.c-at  can  be  calculated. 
The  number  of  grams  of  proteid  nitrogen  in  1 ,000  kernels  of  each  seed 
and  crop  sample  is  also  stated.  The  first  samples  separated,  Nos.  78 
and  79  of  the  Turkish  Red  variety  and  80  and  81  of  the  Big  Frame 
variety,  were  taken  from  seed  that  had  never  before  been  treated 
in  this  way.  When  planted  they  produced  the  crops  indicated  in 
Table  13  by  78b,  79b,  80b,  and  81b,  respectively.  Each  of  these 
crops  was  then  separated  into  two  portions,  of  which  the  light  portion 
of  the  light  wheat  was  retained  for  analyzing  and  planting,  and  the 
heavy  portion  of  the  heavy  wheat  likewise  retained.  Thus  No.  383 
is  the  hght  portion  of  No.  78b,  and  No.  384  is  the  heavy  portion  of 
No.  79b. 

The  accuracy  of  the  records  of  relative  yields  of  light  and  heavy 
seed  harvested  in  1902  being  open  to  suspicion,  samples  of  the  same 
seed  were  sown  again  in  the  autumn  of  1902  and  harvested  in  1903. 
The  results  from  this  test  are  stated  at  the  bottom  of  the  table  under 
the  heading  "Check  experiment." 

These  experiments  are  to  be  understood  as  duplicating  those  of 
1902,  which,  as  regards  the  relative  yield  of  light  and  heavy  wheat, 
should  be  accural*,  although  tried  in  1903.  The  difference  between 
this  check  exj>friment  and  the  regidar  one  of  1903  is  that  in  the 
check  experiment  the  seed  of  the  crop  of  1901  was  used,  while  in  the 
regular  experiment  in  1903  the  seed  of  the  crop  of  1902  was  used. 

Table  13. — Crops  grmeafrom  light  aivlfrom  ktary  ntfil  for  four  ytars. 
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!  13. — Crops  grown  fr 
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Comparing  the  analyses  of  the  liglit  and  heavy  seed  in  this  table 
with  those  in  the  preceding  tables,  it  will  he  noticed  that  the  total 
and  proleid  nitmgen  are  both  tmiformly  higher  in  the  light  seed. 
Tlie  nonproteid  nitrogen  is  not  so  uniform  as  in  the  previous  analyses, 
but  the  general  tendency  is  the  same. 

In  the  crop  the  high  total  and  protcid  nitrogen  of  the  light  seed  is 
uniformly  transmitted.  There  is  no  uniformity  in  the  nonproteid 
nitrogen.  As  was  to  be  expected,  the  heavy  seed  produced  in  the 
first  two  years  the  largest  yields  per  acre.  The  quality  of  light  or 
heavy  weight  as  indicated  in  the  resulling  crop  by  weight  of  grain 
per  bushel  gave  some  indication  of  being  transmitted.  In  1900 
there  was  an  absence  of  data  on  the  subject,  hut  in  1901  the  heavy 
seed  in  each  case  produced  grain  having  a  greater  weight  per  bushel 
than  did  the  light  seed. 

Turning  to  the  column  showing  the  absolute  amount  of  protvid 
nitrogen  produced  per  acre,  it  is  very  apparent  that  the  heavy  seed 
produced  in  1900  considerably  lai^r  amounts  of  proteid  nitrogen 
per  acre  than  did  the  light  seed,  but  in  1901  the  difference  was  ver>- 
slightly  in  favor  of  the  light  wheat,  which  advantage  continued 
with  the  light  wheat  during  the  remaining  j'ears. 
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It  would  seem  from  these  results  that  the  quality  of  lightness, 
with  its  correlated  qualities  of  high  total  and  proteid  nitrogen,  is 
hereditary.  The  question  then  arises,  Why  should  the  light  wheat 
accumulate  more  nitrogen  per  acre  than  the  heavy  wheat  after  the 
first  generation? 

A  possible  explanation  for  this  is  that  the  light  seed  from  the  first 
genpration  contained  kernels  wlios?  lightness  was  due  in  some  cases 
to  immaturity,  and  in  other  cases  to  the  individual  peculiarity  of  the 
plant  on  which  they  grew.  The  latter  class  transmitted  this  pecul- 
iarity in  the  crop,  while  the  former  became  less  conspicuous  with 
each  generation,  on  account  of  the  lesser  vitality  and  productiveness 
of  the  immature  seed. 

A  peculiar  feature  of  these  results  ia  found  in  the  fact  that  tiie 
yield  of  grain  from  the  light  seed  approaches  each  succeeding  year 
more  nearly  in  quantity  to  that  obtained  from  the  heavy  seed  until, 
in  190;{,  it  becomes  greater.  These  two  qualities  of  seed  were 
raised  on  plots  side  by  side,  and  everi^  precaution  was  taken  to  obtain 
an  accurate  estimate  of  the  j-ield  of  each.  While  it  is  probable  that 
the  results  for  1903  are  misleading,  it  is  certainly  significant  that  so 
httlo  difference  in  yield  exists  after  three  years'  sele<'tion  in  this  way. 
Instead  of  the  difference  between  the  light  and  heavy  seed  becoming 
greater  each  year  it  is  without  doubt  becoming  less. 

In  considering  the  relative  yields  of  the  light  and  heavy  wheat,  it 
must  be  borne  in  mind  that  the  seeding  was  done  witli  a  drill  set  to 
deliver  li  bushels  per  acre  of  ordinary  seed  wheat.  The  result 
would  be  to  deposit  a  larger  number  of  kernels  of  light  seed  per  acre 
than  of  heavy  seed.  In  a  season  like  that  of  1903,  when  the  rainfall 
was  large  and  the  weather  moderately  cool  until  har\est,  there 
might  be  an  advantage  resulting  from  the  thicker  seeding,  which 
may  accoimt  for  the  greater  yield  from  the  light  seed  in  that  year. 

It  is  possible  that  the  same  cause  may  have  operated  in  other 
years  to  increas;'  the  yields  from  the  light  seed,  but  it  is  not  likely 
that  it  produced  a  very  marked  effect,  because  the  seeding  was  a  large 
one  for  Nebraska,  and,  the  wheat  being  sown  in  the  early  fall,  there 
was  abundant  opportunity  for  it  to  stool,  and  thus  equalize  the  stand. 
It  has  never  been  observed  that  there  was  any  diiTerence  between 
the  plots  in  this  respect. 

Taking,  together,  the  results  of  I90'2,  which  show  a  decrca.s"  in 
the  weight  of  the  kernels  on  a  single  head  as  the  content  of  proteid 
nitrogen  increases,  the  results  of  1903,  which  show  a  slight  decrease 
in  the  weight  of  the  kernels  from  the  plant,  accompanying  an  increase 
in  the  percentage  of  proteid  nitrogen,  and  the  yields  of  the  light  and 
hea^'y  seed  for  the  four  years  beginning  with  1900,  there  would 
appear  to  be  a  flight  decrease  in  yield  of  grain,  accom|>anying  an 
increase  in  the  percentage  of  proteid  nitrogen.     This  loss  in  yield  is 
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not  sufficient  to  coimteract  the  increase  in  nitn^D,  and  the  result 
is  to  increase  the  production  of  proteids  per  acre. 

Viewed  in  the  light  of  these  various  experiments,  the  selection  of 
large,  heavy  wheat  kernels  for  seed  does  not  appear  to  be  altogether 
unobjectionable,  as  in  this  case  it  resulted  in  a  decreased  production  of 
proteids  per  acre,  without  a  compensating  increase  in  the  yield  of  grain, 
when  continued  for  a  numbei  of  years.  On  the  other  hand,  the  selec- 
tion of  the  small,  light  seed  is  hardly  to  be  recommended.  In  fact, 
selection  based  upon  kernel  size  or  weight  is  not  a  satisfactory  method 
for  permanently  improving  wheat.  The  individual  plant  should  be 
taken  as  the  basis  for  selection,  and  very  large  numbers  should  be 
handled.  The  figures  in  Table  8  show  what  great  opportunity  there 
is  for  securing  not  only  kernels  of  high  nitrogen  content,  but  also 
plants  giving  at  the  same  time  an  increased  jield  of  grain  and  abun- 
dant production  of  proteids.  If  the  average  nitrogen  content  and 
yield  of  grain  by  plants  be  observed  in  this  table,  it  will  be  seen 
that  numerous  plants  may  be  selected  that  have  not  only  a  nitrogen 
content  above  the  average,  but  also  a  greater  yield  of  grain.  While, 
therefore,  it  is  probable  that  improvement  in  yield  of  grain  can  not 
be  effected  so  rapidly  where  it  is  combined  with  improvement  in 
nitrogen  content  as  if  the  latter  were  neglected,  yet  present  yields 
of  wheat  in  Nebraska  can  be  increased  at  the  same  time  that  the 
production  of  proteids  is  augmented. 


The  following  tables  show  the  results  of  analyses  of  a  total  of 
forty-eight  spikes  of  wheat.  In  the  case  of  each  spike  one  row  of 
spikelets,  for  instance,  row  No.  1,  was  analyzed,  and  the  other  row 
of  spikelets,  which  would  then  be  row  No.  2,  was  analyzed  sepa^ 
rateiy.  In  the  case  of  the  set  of  spikes  forming  Table  14  the  total 
organic  nitrogen  was  determined  in  both  lots,  and  in  the  set  com- 
prised by  Table  15  the  proteid  nitrogen  was  detenoined.  The  last 
column  shows  the  difference  between  the  nitrogen  content  of  the  two 
rows  of  kernels. 
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Tablx  14. — Analyttt  of  tuienly-Jlve  $jnkt»  ofviheat,  $liovnng  their  total  or^nie  nitrogen. 
Peiventage  of  total  organic  Pprt¥zitagp  of  totnl  organic 
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Table  15. — Atudyset  of  Iteeaiy-thre 
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It  will  readily  be  seen  that  the  analyses  of  the  rows  agree  very 
closely,  the  extreme  difference  being  0.22  per  cent,  and  tlie  average 
difference  being  0.12  per  cent,  in  the  total  nitrogen.  If,  therefore, 
one  row  of  spikelets  were  to  be  used  for  seed  and  tiie  other  were 
analyzed,  it  is  quite  evident  that  a  very  accurate  estimate  of  the 
nitrogen  content  of  tlie  kernels  used  for  seed  would  be  obtained.  In 
tiie  determination  of  proteid  nitrogen  there  is  an  extreme  difference 
of  0,36  per  cent  in  one  case,  but  in  the  main  the  differences  are  small. 
As  will  be  shown  later,  the  variation  in  the  proteid  nitrogen  content 
of  individual  plants  ia  so  great  that  even  ttiis  maximum  difference 
would  cause  no  confusion  when  selecting  plants  for  reproduction. 

It  is  very  desirable  to  have  for  analysis  a  larger  sample  than  can 
be  obtained  from  one  spike.  It  has  therefore  been  attempted  to 
ascertain  whether  a  sample  consisting  of  one-half  the  whole  number 
of  spikes  on  a  plant  would  afford  a  fair  estimate  of  tlie  composition 
of  the  other  kernels  on  the  remainder  of  the  spikes.  Tlie  plants 
whose   spikes  were   analyzed  were   grown   in  hills  5   inches  apart 
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each  way,  with  odb  seed  in  each  hill.  Each  plant  was  harvested 
separately  and  the  spikes  from  each  placed  in  a  separate  envelope. 
The  fallowing  table  gives  the  results,  lot  1  in  each  case  being  com- 
posed of  the  kernels  from  one-half  the  number  of  spikes  on  a  plant, 
and  lot  2  of  kernels  from  the  remaining  spikes. 

Table  16. — Analynes  of  liEenty^nt  jianU,  nhowing  total  nitrogen  and  proUid  nitrogen. 


Number  d1  plant. 
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The  above  table  shows  a  maximum  difference  of  0.38  per  cent  in 
the  content  of  total  nitrogen  of  the  two  lots  of  spikes  from  one  plant, 
and  of  0.46  per  cent  in  the  content  of  proteid  nitrogen.  The  aver- 
age difference  ia  only  0.14  per  cent  and  0.13  per  cent,  respectively. 

These  tables  give  unmistakable  evidences  that  the  average  com- 
position of  a  spike  of  wheat  may  be  judged  from  the  analysis  of  a 
row  of  its  spikelets,  and  that  the  average  composition  of  all  of  the 
spikes  of  a  wheat  plant  is  shown  by  an  analysis  of  one-half  the  num- 
ber. In  practice  it  is  better  to  take  as  the  sample  for  analysis  one 
row  of  spikelets  from  each  spike,  and  the  remaining  row  of  spikelets 
from  each  spike  for  planting. 

In  order  to  ascertain  what  variation  occurs  between  the  several 
spikes  on  a  single  wheat  plant,  analyses  were  made  of  each  spike 
from  a  number  of  plants.  On  some  plants  there  were  more  spikes 
than  on  others,  but  every  spike  on  each  plant  was  analyzed.  In  the 
following  tabulation  of  these  analyses  the  percentage  of  proteid 
nitrogen  is  stated. 
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These  results  show  that  there  may  be  large  differences  between 
the  proteid  nitrogen  content  of  spikes  on  the  same  plant.  They  do 
not,  however,  indicate  that  the  determination  of  the  average  com- 
position of  the  kernels  on  a  plant  is  not  a  safe  guide  for  selecting 
breeding  stock.  If  the  plant  is  the  unit  in  reproduction,  whether  the 
plant  reproduces  itself  from  one  seed  or  another  does  not  affect  its 
hereditary  qualities  in  very  marked  degree. 

It  is  evident,  from  a  comparison  of  the  variations  that  occur  in  the 
composition  of  the  spikes  from  a  single  plant,  and  of  the  kernels  on  a 
single  spike,  that  it  is  impossible  to  do  more  than  obtain  a  reasonably 
close  estimate  of  the  composition  of  the  kernels  either  on  a  part  or  on 
the  whole  of  a  plant.  It  therefore  becomes  desirable  to  obtain  as 
closely  as  possible  the  average  composition  of  the  unit  of  reproduction. 
If  the  plant  as  a  whole,  and  not  any  particular  part,  is  this  unit,  the 
average  composition  of  all  of  the  kernels  on  the  plant  is  a  much  safer 
guide  as  a  basis  for  selection  than  is  the  average  composition  of  the 
kernels  of  any  part  of  it.  One  row  of  spikelets  from  each  spike 
should  therefore  give  the  best  sample  for  analysis. 

In  Table  18  is  given  a  statement  of  the  percentage  of  proteid 
nitrogen  in  the  dry  matter  of  the  kernels  on  a  row  of  spikelets  of  800 
spikes  of  wheat  of  the  Turkish  Red  variety.  These  spikes  were  taken 
from  a  field  of  wheat,  and  were  selected  with  reference  tolength  of 
head,  plumpness  of  kernel,  uprightness  of  straw,  freedom  from  rust, 
etc.  They  are  therefore  not  spikes  in  which  high  nitrogen  content  is 
likely  to  be  due  to  immaturity  or  arrested  development. "  Variations 
in  the  nitrogen  content  of  different  plants  may  in  some  degree  be  due 
to  a  larger  or  smaller  supply  of  available  nitrogen,  althoiigti  all  were 
taken  from  the  same  field.  Variations  due  to  climate  are,  of  course, 
precluded,  as  all  grew  during  the  same  season. 


°  Id  practice  undevciopnl  krrnclB  arc  disrarded. 
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Table  18.— Variations  in  eorUent<^proleide. 


:7.27  220  .. 

.i.m  ja'..'. 

.s.m  22S... 

^.79  aM... 


nitrogen  I  Protdde 

In  wBter-i  (pro(«ld 

Irw      'l^xS.7). 


17.20 
U.ST 
Ifi.M 

17!44 
14.48 

is.se 

14^08 

n.x 


18.93 
)3i72 


:|     li 

ij-Ri 

13.  M 

Z03 

rm 

»5 

a!  73 

3,20 

!?-^ 

18.13 

1S.» 

ie.88 

14.48 
17.73 


idbyGoOglC 


SELECTION   TO   INCEEA8E   PEOTEIDS   IN    KERNEL. 
Table  18. — Variationt  in  ecnttnt  of  proUidg — CoDtinued. 


Percentage 

o(- 

mawrta 

r 

°fn 

19.M  'i 
18.t»| 
17.70  I 

l»!  19  I' 


ragoi    Prouida 
tree       rfxS.7). 


Co. 


IMPROVING   THE   QUALITY    OF   WHEAT. 


Table  18.— Variations  « 
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Tabi^  18. — Varialions  jr 


It  ofproleidn — Continued. 
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It  will  be  noticed  that  there  is  a  very  large  range  of  vanatioii  in 
the  proteid  nitrogen  content  of  these  wheats,  riinnii;!^  from  1.12  to 
4.9.5  per  cent.  By  referring  to  Table  8,  it  will  be  seen  that  an  equally 
large  variation  occurred  between  the  plants  when  the  whole  plant 
WHS  sampled.  In  the  .351  analyses  the  nitrogen  ranges  from  1.20  to 
5.8.5  per  cent.  This  is  due  in  the  main  to  the  ability  of  the  plant 
to  gather  nitrogen  from  the  soil.  In  no  one  of  the  experiments  to 
ascertain  the  effect  of  nitrogenous  manures  on  the  composition  of 
wheat  has  there  been  an  increase  of  more  than  a  few  tenths  of  1  per 
cent,  even  when  the  nitrogenous  fertilizer  was  added  to  an  exhausted 
soil.  It  is,  therefore,  not  likely  that  such  large  variatitm  in  nitrogen 
content  could  be  due  to  irregtilaritics  in  the  -supply  of  soil  nitrogen. 
If  this  ability  of  the  plant  to  store  up  a  large  amount  of  nitrogen  in 
the  kernel  is  hereditary*,  as  results  given  later  indicate,  there  is  ample 
opportunity  to  develop  by  selection  a  strain  of  wheat  of  high  nitrogen 
content. 
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Wliite  bread  flour,  wTiich  constitutes  the  major  portion  of  the 
wheat  flour  consumed  in  this  rountrj',  is  derived  entirely  from  the 
endosperm  of  the  wheiit  kernel.  The  portions  of  the  kernel  not 
entering  into  the  flour  are  the  germ  and  the  seed  coat,  attached  to 
each  of  which  discarded  constituents  are  portions  of  the  endosperm. 
The  larger  part  of  the  aleurone  layer  either  adheres  to  the  hull  and 
constitutes  tlie  "bran'  of  commerce,  or  appears  in  the  product 
known  as  "shorts,"  and  sometimes  in  low-grade  flour. 

As  it  is  the  flour  in  which  it  is  desired  to  increase  the  nitrogen, 
and  as  the  flour  consists  entirely  of  the  endosperm,  it  becomes  desir- 
able to  have  some  way  to  determine  the  nitrogen  content  of  the 
endosperm  alone  and  to  select  for  reproduction  plants  possessing  a 
large  amount  of  nitrogen  in  this  portion  of  the  kernel. 

U  is  a  question  how  this  can  best  be  done.  A  determination  of 
gluten  by  the  ordinary  method  of  washing,  to  carry  off  the  starch 
and  fiber  while  the  gluten  is  being  worked  in  the  hand,  is  not  well 
adapted  for  use  with  the  small  quantities  of  wheat  obtainable  from 
a  single  plant.  This  also  has  the  disadvantage  that  it  gives  no 
indication  as  to  the  quality  of  the  gluten. 

Determinations  of  gliadin  and  ghitenin  promise  to  be  of  some  help 
in  affording  a  basis  for  selection  from  individual  plants.  It  has 
been  shown  by  Osborne  and  Voorhees"  that  the  gluten  of  wheat  is 
composed  of  gliadin  and  glutenin.  It  does  not  necessarily  follow, 
however,  that  the  sum  of  these  two  substances  is  a  measure  of  the 
gluten  content  of  the  sample  analyzed.  Osborne  and  Campbell* 
have  stated  that  the  embryo  of  the  wheat  kernel  does  not  contain 
either  gliadin  or  glutenin.  This  being  the  case,  the  sum  of  the 
gliadin  and  glutenin  would  represent  these  proteids  in  the  endospenn, 
with,  perhaps,  a  small  amount  in  the  hull. 

A  recent  investigation  by  Nasmith  ■■  leads  him  to  conclude  tliat 
gliadin  exists  in  all  portions  of  the  endosperm,  including  ttie  aleu- 
rone layer,  but  that  glutenin  is  contained  only  in  the  starch-bearing 
portion  of  the  endosperm.  A  determination  of  glutenin  may,  tbere- 
foi-e,  give  an  indication  of  the  gluten  content  of  the  wheat. 

Table  19  shows  the  percentage  of  proteid  nitrogen,  the  sum  of 
the  gliadin  and  glutenin  nitrogen,  the  amounts  in  grams  of  prot<>id 
and  of  gliadin-plus-ghitenin  nitrogen  in  the  average  kernel,  and  the 
grams  of  proteid  and  of  gliadin-plus-glutenin  nitrogen  in  all  of  the 
kernels  on  each  plant.     The  plants  are  grouped  into  ttiose  ha\'ing 

"Anipricttn  Cliem.  Jour,  1893,  pp.  392-471. 

l-ConniH-ticul  Experimpiil  Stalion  Report,  1899,  p.  3a5. 

•"Tniiis.  Catuid.  Inrt.,  7  (1903),  Univ.  Toronlo  atudies,  PhyaiJ.  Ser.  (1903),  No.*  4. 
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from  1  to  2  per  cent  proteid  nitrogen,  those  having  2  to  2.6  per  cent 
proteid  nitrogen,  etc.  Table  20  gives  the  averages  for  each  of  the 
groups  in  Table  19. 

Table  19. — Relation  of  giiadin-plim^gliilenin  nitrogfn  lo  proUiil  nitrogen. 
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—Relalion  of  gliadiri-fiuH-tfiutenin  nitrogen  to  proltid  nitrogtn — Continued. 
ia  TO  1  PFR  CEVT  PROTEID  NITROGEN— Contln  icd 
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SELECTION   TO   INCHEASE    PROTEIDS   IN    ENDOSPERM. 
Table  19. — Retalion  of  gliadin-plaK^utenin  nilroijen  tn  proleid  nilroyen — Contini 
3  TO  .1..-.  PER  CKNT  PROTEID  NITROCEN-Cnnttnued. 
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Wflght  (In  graDlB)  ol~ 
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The  figures  in  Table  20  show  that  while  gliadin-phis-gliitenin  nitro- 
gen increases  with  proteid  nitrogen  it  does  not  do  so  in  the  same  ratio, 
the  increase  in  proteid  nitrogen  being  due  in  lai^e  measure  to  an 
increase  in  other  proteids. 

The  same  analyses  are  tabulated  in  Table  21  according  to  the 
increase  in  gliadin-plus- glutenin  nitrogen,  and  the  averages  for  each 
group  are  stated  in  Table  22.  In  the  latter  table  the  increase  in 
proteid  nitrogen  does  not  keep  pace  with  the  increase  in  gliadin-plus- 
glutenin  nitrogen,  there  being  1.74  per  cent  other  proteid  nitrogen  in 
the  first  group  and  1.25  per  cent  in  the  last. 

It  thus  becomes  evident  that  a  determination  of  proteid  nitrogen  in 
the  kernel  is  not  an  accurate  guide  to  the  content  of  gUadin  plus 
glutenin,  and  that  a  direct  determination  of  these  substances  is 
necessary. 

It  is,  furthermore,  apparent  that  a  determination  of  gliadin-plus- 
glutenin  nitrogen  will  permit  of  the  selection  of  kernels  having  a 
lai^e  percentage  of  these  substances. 

Table  21. — ReUtiion  of  proltid  nilrogen  to  gliadin'plai^aleain  nitrogen, 
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Table  21. — Rtlation  ofproteid  nitrogen  to  gliadin-jilut^uUnin  rtilrogen — Contiouad. 
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Table  21. — Bttation  of  proteid  nitrxigen  to  gliadin-pliD-^ulenin  nitro^n — CMitinued. 

GLIADIN'-PLfS-GLt'TESIN  KITROOEN,  2  TO  2.6  PER  CENT— Continued. 
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IWFBOVBUENT  IN  THE  QTrAUTT  OF  THE  GLXTTEK. 

It  is  well  known  that  large  differences  exist  in  the  h  read-ma  king 
values  of  different  varieties  of  wheats  even  wlien  they  liave  approxi- 
mately the  same  gluten  content  and  are  raised  in  the  same  localitj'. 
This  fact  is  generally  attributed  to  differences  in  the  quality  of  the 
gluten. 

W.  Farrar"  points  out  the  difference  in  the  bread-making  qualities 
of  two  wheats  due  to  the  quahty  of  the  gluten.  He  compares  Saxon 
Fife  wheat,  which  had  a  gluten  content  of  9,92  per  cent,  and  which 
produced  309  pounds  of  bread  from  '200  pounds  of  flour,  with  Purple 
Straw  Tuscan  wheat,  which  had  a  gluten  content  of  fl.94  per  cent,  and 
which  produced  only  278  pounds  Of  bread  from  the  same  quantity  of 
flour. 

In  this  case  it  was  not  the  amount  but  the  quality  of  the  gluten  that 
determined  the  greater  excellence  of  the  Saxon  Fife  wheat. 

It  has  further  been  stated  by  Girard/'  Snyder,''  and  Guthrie"  that 
the  ratio  in  which  gliadin  and  glutenin  exist  in  the  gluten  determines 
its  value  for  bread  making. 

It  was  considered  desirable  to  ascertain  whether  the  proportions 
of  these  two  constituents  remain  about  the  same  in  wheats  of  high 
and  of  low  content.  If  the  quality  of  the  gluten  remains  constant  as 
the  quantity  increases,  the  value  of  the  wheat  for  bread  making  will 
improve  in  about  the  same  ratio.  If,  on  the  other  hand,  there  is  a 
tendency  for  the  quality  to  deteriorate  as  the  quantity  increases, 
there  would  be  greater  difficulty  in  effecting  improvement. 

In  Table  23,  analyses  of  the  crop  of  1903  are  arranged  in  groups 
according  to  their  content  of  gliadin  plus  glutenin.  The  first  group 
comprises  all  plants  having  less  than  1  per  cent,  and  each  succeeding 
'group  increases  by  0.25  per  cent.  It  is  followed  bj-  Table  24,  which 
is  a  summary  of  Table  23. 

"Aericultural  Gawttc  of  New  South  Wales,  9  (1898),  pp,  241-250, 

fiCompt,  Bend,,  1897,  p,  876. 

''Ktinnesota  Experiment  StatioD  Bulletins  .54  and  63. 

''Agricultural  Gaietle  of  New  Soulh  Wale?.  9  (18981,  pp.  303-37J.  , 
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Table  23.— Raho  af  ghadin  to  {^utenin  at  At  corUtnt  of  Ouir  «u; 

OLIADlS-Pms-GLfTES'IN'  NITROGEN,  BELOW  1  PER  CENT. 
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OI,IADIN-PLCS-GLUTENIN  NITROGEN,  1  TO  1 
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GLIADIN-PH'S-OLUTESrN  NITROGEN,  1.25  TO  IJO  PER  CENT. 
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Table  23.— -Aotio  ofgiiadin  to  gluUain  ai  the  conteTtt  of  their  lum  inffviiM*-— Continued. 

OLIADlN'-PLUS-aLUTENIN  NITROGEN,  US  TO  2  PER  CENT. 
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Tabix  23, — Ratio  iif  gliadin  to  gluienin  an  Ihf  cmttiU  of  their  mm  inertatu — Continued. 

OLIADIN-PLUS-GLUTE-VIS  NITROGEN.  2  TO  2,25  PER  CENT-Contlnued. 


Propor 

tlonof- 

Gliadln- 

gfiitfntn 
nitrogen 

1 
Clladtn    Gluten  In 
nitrogen,  nitrogen. 

OlUdln. 

Glutailn. 

Proletd      O'f"''"..  \ 

vm 

0M7 

0S57    ' 

1-701    1        .333 

2.130 

I.IB7    '        .943 

.KT 

.443 

-1    -"i 

GLIADrN-PMIS-OLUTENIN  NITROGEN,  2.25  TO  2.50  PER  CENT. 
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Table  24. — Sumntarij  of  analt/seii,  showing  tkt  ratio  of  gltadia  lo  gliiltnin  <m  the  eonltnt  of 


Elulenln  nltroEeo.  I  _,':,"._  snalvw 


'    Glladln.    Ghitpnln.L 


It  will  be  seen  from  Table  24  that  the  ratio  of  gliadin  to  ghitenin 

remains  practically  the  same  as  the  percentage  of  their  sum  increases. 

It  would  therefore  be  safe  to  assume  that  an  ii  crease  in  the  gluten 
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conteDt  of  a  given  variety  of  wheat  raised  in  the  same  region  would 
carry  with  it  a  corresponding  improvement  in  its  value  for  bread 
making,  although  there  might  be  fluctuations  from  year  to  year  in 
quaUty  of  gluten,  as  there  is  in  the  quantity. 

If  the  quality  of  gluten  is  determined  by  the  ratio  of  gliadin  and 
glutenin  of  which  it  is  composed,  it  is  liliely  that  there  is  some  certain 
proportion  that  is  most  desirable.  Unfortunately,  the  investigators 
who  have  taken  up  this  subject  do  not  by  any  means  agree  upon  the 
proper  ratio.  Should  this  be  ascertained  there  would  be  ample  o|)por- 
tunity  for  the  selection  of  individual  plants  in  which  the  proportion 
of  gliadin  and  glutenin  would  approximate  the  ideal.  There  would 
thu-s  be  possible  a  much  more  rapid  improvement  in  the  quality  of 
wheat  than  can  be  accomplished  by  confining  selection  to  an  increase 
in  the  gluten. 

An  obstacle  to  the  usefulness  of  these  determinations  in  the  whole 
wheat  appears  in  the  announcement  by  Nasmith,  already  cited,  that 
while  gUadin  occurs  in  all  portions  of  the  endosperm,  glutenin  does 
■  not  appear  in  the  aleurone  cells.  That  being  the  case,  it  is  diffitult  to 
beheve  that  any  given  ratio  between  these  constituents  in  the  whole 
wheat  could  be  taken  as  the  one  most  desirable.  The  ratio  in  the 
gluten  alone  may,  however,  have  an  important  influence  on  its 
quality,  and  a  certain  definite  proportion  of  each  may  produce  an 
ideal  gluten. 

In  the  light  of  the  present  knowledge  on  the  subject,  a  mechanical 
determination  of  gluten  would  seem  to  be  most  useful,  if  it  can  be 
made  with  such  small  quantities  of  wheat  as  are  obtained  from 
single  plants,  wliile  determinations  of  gliadin  and  glutenin  in  the 
gluten  would  afford  a  means  of  judging  of  its  quality. 


Selected  plants  have  been  grown  on  a  large  scale  for  two  years. 
From  these  results  it  is  very  apparent  that  a  high  percentage  of 
nitrogen  and  the  qualities  that  go  with  it  are  transmissible  from  one 
generation  to  another. 

In  Table  25  are  analyses  of  the  plants  of  the  crop  of  1902,  grouped 
according  to  their  proteid  nitrogen  content  into  classes  of  from  1  to  2 
per  cent,  2  to  2.5  per  cent,  and  increasing  by  0.5  per  cent  up  to  4,5 
per  cent  and  above.  Opposite  the  plant  number  of  each  plant  of  the 
crop  of  1902  are  stated  its  percentage  of  proteid  nitrogen  and  weight 
of  proteid  nitrogen  in  kernels.  On  the  same  line  are  the  plant 
numbers  for  the  entire  progeny  hi  190;J,  and  following  tliese  are  the 
percentage  of  proteid  nitrogen,  weight  of  proteid  nitrogen  per  average 
kernel,  and  average  weight  of  kernel  for  all  of  these  progeny. 

The  averages  for  each  group  are  given  in  Table  26. 

r-,:...dbv  Google 
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Table  25. — An<Ui)eee  ehowing  (ran«mi«8ton  of  nitrogen  from  one  gerunUiim  to  anoQier." 
1  TO  i  PER  CENT  PROTEID 
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K  gentration  U 
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In  Table  26  the  averages  for  each  group  are  stated.  This  table  is 
designed  to  show  whether  there  has  been  a  tendency  for  plants  of  a 
certain  class  to  reproduce  the  qualities  pertaining  to  that  class,  or 
whether  these  are  lost  in  the  offspring. 

It  is  unfortunate  that  there  are  not  a  greater  number  of  analyses  of 
plants  of  medium  and  of  low  nitrogen  content.  The  plants  selected 
for  reproduction  in  1903  were  largely  those  of  high  nitrogen  content, 
and,  consequently,  comparatively  few  analyses  of  the  low  nitrogen 
and  medium  nitrogen  plants  of  1903  are  at  hand. 

Table  25  shows  that  in  the  main  there  is  a  tendency  for  each  class 
of  plants  to  reproduce  in  the  same  relation  to  the  other  classes,  but 
that  there  is  less  difference  between  the  extreme  classes  in  the  off- 
spring than  in  the  parent  plants.  In  other  words,  while  all  plants 
tend  to  reproduce  their  own  qualities,  those  plants  varying  widely 
from  the  average  produce,  in  general,  offspring  varying  from  the 
avert^e  less  widely  than  did  the  parents.  Although  this  is  a  rule,  its 
application  to  the  individual  is  not  universal.  Certain  plants  maj'  be 
found  whose  tendency  to  variation  extends  through  both  generations. 
There  is  also  wide  variation  between  certain  plants  of  the  same 
parent.  For  instance,  the  plants  numbered  from  21205  to  21212,  all 
of  which  come  from  the  same  parent,  vary  from  2.16  to  5.23  per  cent 
in  proteid  nitrogen  content,  while  plants  69805  and  69806  vary  from 
6.82  to  1.66  per  cent  in  this  constituent." 

It  would  seem,  therefore,  entirely  reasonable  to  believe  that  a  very 
considerable  increase  in  the  proteid  nitrogen  content  of  wheat  may  be 
effected  by  careful  and  continuous  reproduction  from  plants  of  high 
proteid  nitrogen  content. 

Table  27  contains  the  analj'ses  of  plants  raised  in  1902  and  their 
progeny  raised  in  1903,  arranged  according  to  the  number  of  grams  of 
proteid  nitrogen  contained  in  the  average  kernel  of  the  former. 

Table  27. — Analyu»  »hmning  traiumisgion  of  proUid  nitrogen  in  average  Icernd. 


lUDge  of  prauid  nltiogsn 
(gram). 


■    ber  of  I  protfLd  ■  oi5i-^t   !■  in  aver-  '  uer  oi  i  protcia  |  ow'tir, 
I  anal-  '  nttrogen    ^^         «ge  ^"-    "nal-  |  nltri^en  !  ^,i 
.  1  '■"'■  I   '"neb!"   '  'B""^-     (uram).    *''™'  I   \tZ'  I  «™™). 


"  Table  25  repreaenta  the  properties  of  each  plant  grown  in  1903  arranged  aceording  to 
imniediale  families.  For  instanoe,  plants  numbered  1730.')-1T30S  are  all  the  offspring  of 
the  s«,Tae.  plant  grown  in  1902.  The  parent  bears  the  number  17301.  This  is  the  system 
of  records  devised  by  Prof.  W.  M.  Hays,  formerly  of  the  University  of  Minnesota. 


idbyGoOglC 


IMPROVING   THE   QUALITY    OF   WHEAT. 


Table  28.—Anc 
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Table  28  shows  the  analyses  of  plants  raised  in  1902  and  their  prog- 
eny raised  in  1903,  arranged  according  to  weight  of  average  kernel. 
There  is  more  variation  in  this  table  than  in  the  preceding  one,  but 
the  tendency  toward  transmission  of  proteid  nitrogen  in  the  average 
kernel  may  be  noted.  The  averages  for  1902  are  much  higher  than 
for  1903,  owing  partly  to  the  higher  percentage  and  partly  to  greater 
kernel  weight. 

The  weight  of  the  average  kernel  shows  some  tendency  toward 
transmission,  although  there  are  some  variations.  It  will  be  noticed 
that  the  kernels  average  much  heavier  in  1902  than  in  1903,  and  that 
in  spite  of  this  the  percentage  of  proteid  nitrogen  is  higher  in  1902. 
The  relation  of  light  kernel  and  high  percentage  of  nitrogen  does  not 
therefore  appear  to  hold  as  between  crops  of  different  years. 

All  of  the  qualities  of  which  determinations  have  been  made  in 
both  years  appear  to  be  transmitted.  It  may  be  safely  assumed  that 
certain  plants  will  have  greater  power  to  transmit  these  quahtiea  than 
will  the  average  plant.  Such  plants  will  assert  themselves  in  the 
course  of  three  or  four  generations.  From  these  plants  individuals 
may  be  selected  that  have  a  combination  of  the  desired  qualities. 

TTEIJ)  OF  OBAIN  AS  AFFECTED  BT  StrSCEFTrBILITY  TO  COLD. 

As  has  already  been  stated,  a  large  number  of  plants  on  the  breed- 
ing plots  were  killed  during  the  winter  of  1902-3.  This  afforded  an 
opportunity  to  ascertain  the  effect  of  the  severe  weather  upon  the 
surviving  plants.  The  question  arose  wliether  the  surviving  plants  of 
a  famil}-  of  which  a  large  percentage  of  members  were  killed  yielded 
less  per  plant  than  the  plants  of  a  family  of  which  but  a  small  per- 
centage had  succumbed.  As  each  spike  of  the  crop  of  1902  was 
represented  by  a  number  of  plants,  and  as  records  of  each  plant 
were  available,  there  were  very  extensive  data  at  hand  from  which 
to  secure  information  on  the  subject. 

In  Table  29  the  -surviving  plants  of  each  immediate  family,  or,  in 
other  words,  the  surviving  plants  descended  from  the  same  plant  of 
the  previous  year,  are  classified  according  to  the  percentage  of  plants 
that  survived  the  winter.     Thus  all  plants  of  which  only  from  10  to  20 
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per  cent  survived  are  grouped  together.  In  the  next  class  are  all 
plants  of  which  from  20  to  30  per  cent  survived.  The  other  classes 
increase  by  10  per  cent  surviving  plants  until  70  per  cent  is  reached. 
All  plants  of  which  more  than  70  per  cent  survived  form  the  last  class. 

Table  30  gives  a  summary  of  Table  29,  the  averages  for  each  class 
being  shown.  From  this  table  it  will  be  seen  that  with  an  increase 
in  the  proportion  of  surviving  plants  there  is  an  increase  in  the 
weight  of  grain  per  plant  and  in  the  number  of  kernels  per  plant. 
It  is  therefore  to  be  concluded  that  decrease  in  jdeld  from  winter- 
killing is  due  not  only  to  the  loss  of  plants  that  are  destroyed,  but 
also  to  a  decreased  yield  from  most  of  the  surviving  plants. 

Table  30  also  shows  that  the  weight  of  the  average  kernel  is  not 
affected  by  the  freezing  of  a  large  proportion  of  the  family,  the 
decreased  yield  being  due,  it  may  be  assumed,  to  the  decreased 
number  of  kernels,  owing  to  a  decreased  ability  to  tiller. 

With  an  increase  in  the  proportion  of  surviving  plants  there  is, 
perhaps,  a  slight  decrease  in  the  percentage  of  proteid  nitrogen  in 
the  kernels  and  in  the  number  of  grams  of  proteid  nitrogen  in  the 
average  kernel,  although  this  is  so  slight  and  so  irregular  that  it 
would  not  be  safe  to  draw  any  conclusions  from  it.  The  total  pro- 
duction of  proteid  nitrogen  per  plant  naturally  increases. 

Table  29. — Yields  of  plants,  arranged  according  to  peruviage  killed  in  each  family. 
lUTO  20  PKR  CENT 


I   Beiionl  number  , 


fl.lMI 

m 

■ss 

Ifi'T 

« 

IB.; 

121 

.«a.w 

16.7 

is.sra.'i 

S 

jli; 

1^1 

IflT 

in' 7 

2.MX> 

S 

.mm 

14,3 

.SSM 

h 

.02M3 

.5.78 

I.TDftS 

2S1-4 

,01«« 

Pen:«nt- 

Prottid 

ProlelJ 

iSn 

nitrogen  |  ^ 

lleJs      1 

kernel 

nel,. 

(gram),  i 

Kram,, 

■i.L2 

0.04335  lO 

oooaiM 

.213S»! 

0006027 

,0«17fl  ! 

0006504 

f% 

■i^HB  1 

l»071.U 

2.95 

ooc^ 

ou^ 

2.67 

.0I4W  ' 

.Coogle 


102  IMPROVING   THE   QUALITY    OF   WHEAT. 

Table  29. —  iields of  planf>,arrai\gti according  to  percentage  kiUfid  in  eaA  family — Cont'd. 
20  TO  30  FEB  CENT. 


ns 


nttrogBH  I    nitrogen 


I  (Brani>.      (grim). 


0.01437 
'.  ]ftl7S  I 


loOOHMH 
!  0003177 


!00O5T04 

'.oooecta 


0  «  PER  CENT. 


E    1 

!!> 

0fl31S     0 

owrao          2 

21 

im  1 

m 

^ 

02117             3 

OS 

1633 

01812             2 

74 

s 

moi4H« 

I0ne73* 
O00«t33 


40  TO  50  PER  CENT. 


1           12.B  '     1 

;  |; 

:|     loio  i  1 
:     42:9  1  * 

HMO 
9905 

36-i 
0970 

9(W4 

4034 

WIO 

259 

321  ' 
1B7  ' 

01R19            ; 
0294*1             ; 
01791              ; 
OlTtW             i 

Si" 

73 
15 

BS  ^ 

27 

0T3H6  1 

2ngi3 

20040  , 

oooraee 

000O449 

C0M390 
0005396 

O009SO2 

0003930 
000528S 

a™„.^ 

1223 

225.3       .O^m    1         2 

'^'l 

1.73*1 

0C0M93 
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TitBLE29. — Y idd»  of 'pUmU,  arranged  ateord\ng  to  jterctntage  InlUd  in  eadt/amiiy — Cont'd. 
so  TO  60  PER  CENT. 


Record  number 


iaeol 


«  TO  ;0  PER  C 


.OIM« 

!  01 497 

!oLSH 
.021-H 
.019W 


.01735 

'.mm 

;  01791 


Proteld 


.OObX     O.0DM3S0 


KT 

0CI06IB1 

0095386 

.277KS 

'.nan 

!291SS 


o.ooofiftw 
!ooos«7 


r  AND  OVER. 


!397fa 


.ocoti.w 

!00OW32 
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Table  30. — Summary  of  yidd*of^nt»,arTangtdaccordinglopereaJageleiJUdineaA^rMly. 

Percenwee of  planU  |  Num-  I  ^^oi' ,  *X\'k|!'^  I  J^'"";  '  ^'!'^'    ^™°t'  I        ™B™m)  ^-° 

Souped  erconlinB     ber  of  Iplantsin'   "1.,"     11,™,.!.!  tfmTtpr      proWld 


Early-maturing  \-arietie8  of  wheat  are,  in  general,  better  yielding 
sorts  in  Nebraska  than  are  later  maturing  ones.  There  are  some 
exceptions  to  this  rule,  however,  Turkish  Red  yielding  better  than 
any  earlier  maturing  variety.  The  advantages  from  early  maturity 
have  usually  been  ascribed  to  the  cooler  weather  and  greater  supply 
of  moisture  that  obtain  in  the  early  summer.  The  hot,  dry  weather 
common  in  July  is  thought  to  prevent  the  filling  out  of  the  kernel  and 
to  cause  light  yield  and  light  volume  weight. 

Each  wheat  plant  on  the  breeding  plots  was  harvested  separately 
in  1903,  and  a  record  was  kept  of  the  date  of  harvesting  of  each  of 
these  plants.  These  data  have  been  tabulated  for  the  purpose  of 
showing  the  relation  between  the  length  of  the  growing  season  and 
the  yield  of  grain  from  individual  plants  of  the  same  variety. 

Table  31  contains  these  data,  tabulated  according  to  the  date  of 
ripening.  Plants  ripening  between  the  7th  and  11th  of  July,  1903, 
form  the  first  class,  those  ripening  between  July  II  and  15  the  second 
class,  and  the  succeeding  classes  increase  by  four  days  until  July  27,  all 
ripening  after  that  date  constituting  the  last  class.  The  dates  of 
ripening  thus  extend  over  a  period  of  three  weeks. 

The  season  of  1903  was  a  very  wet  and  cool  one.  The  effect  of 
this  upon  the  wheat  crop  is  shown  by  the  fact  that  the  crop  in  the 
field  was  not  ready  to  harvest  until  July  10,  while  usually  it  is  har- 
vested between  the  20th  and  30th  of  June.  Even  at  the  close  of  the 
ripening  period  the  weather  did  not  become  dry  or  hot  as  compared 
with  the  normal  season.  It  will  therefore  be  seen  that  the  ordinary 
advantages  from  early  maturity  did  not  obtain,  or  at  least  not  in  the 
customary  way.  It  may  also  be  said  that  some  of  the  later  maturing 
wheats  yielded  as  well  in  1904  as  did  the  Turkish  Red.     . 

Table  32  is  a  summary  of  Table  31,  with  a  statement  of  the  average 
for  each  class. 

Table  33  is  a  summary  of  the  same  plants,  tabulated  according  to 
the  yield  of  grain  per  plant. 
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Table  34  is  a  summary  of  tlie  same  plants,  tabulated  according  to 
the  percentage  of  proteid  nitrogen. 

It  is  very  evident  from  these  tables  that  the  early-maturing  plants 
are  the  most  prolific.  The  weight  of  the  average  kernel  remains  very 
uniform,  so  that  the  later  maturing  plants  do  not  appear  to  have  pro- 
duced shrunken  kernels.  Evidently  the  plants  ripening  during  the 
first  four  days  produced  the  largest  amounts  of  grain,  and  their  ker- 
nels were  aa  heavy  as  those  produced  later.  The  smaller  productive- 
ness of  the  later  maturing  plants  in  the  season  of  1903  does  not  appear 
to  have  been  due  to  a  shrunken  or  hght  kernel. 

The  percentage  of  proteid  nitrogen  appears  to  be  somewhat  less  in 
the  grain  of  the  early-maturing  plants.  The  number  of  grams  of 
proteid  nitrogen  in  the  average  kernel  is  likewise  less  in  these  early- 
maturing  plants. 

The  relation  of  length  of  growing  season  to  both  yield  and  compo- 
sition of  grain  b  contrary  to  what  might  have  been  supposed.  A 
long  growing  period  without  excessively  hot  or  dry  weather  might 
naturally  be  thought  to  increase  the  yield  and  increase  the  percentage 
of  carbohydrates  in  the  grain. 

The  season  of  1904  was  very  similar  to  that  of  1903  up  to  time  of 
wheat  harvest.  The  data  for  1904,  when  Tabulated,  will  serve  as  a 
check  on  the  results  obtained  in  190.'!. 

Table  31 . —  Yield  and  nitrogtn  conlejtt  of  grain,  labaiaUd  axcording  to  Itngtk  ofgrounng  period. 
DATES  HIPE:  JULY  7  TO  11,  1903. 


rts? 

YleW 

nitrogen,,  |^*^,      Kb 

rolpld  nltroRpn 

J  , 

0  !    W.fWO 

2.ng    0 

01699           0 

SH299     0 

(XMSS3 

...ao 

--     U.MSO 

2.71  . 

K378 

dtmt 
a570»  1 

000H4M 

0005238 

...do 

..|      1.03W 

1,89  ■ 

}198ia 

02772  , 

00053.10 

...do 

3.7.^  . 

4.2K 

D0OH420 

11377  1 

0007SS2 

July 

8       17,!«m 

2!  80 

32062 

49995  1 

00ie773 

...io 

...     B.taw 

26831 

0WB126 

28S23  1 

0006785 

'.'.     ii!r»3o 

2:S8 

02205 

0005690 

...do 

..1      2,3931 

D1734 

oooieAs 

...do 

.J    Z2.SW8 

D0OI871 

i'lily" 

2.M  I 

DIWO 

2M71 

0001603 

™J. 

8  1     19.3»» 

2.  SB 

S0238 

2957S 

July 

2!  30 

oooToin 

JulJ 

2.S7 

OLfiee 

30881 

July 

7  1     U.1S68 

a.9B ' 

"L 

0004420 

0005SM 

..     13.5720 

2.61 

023M 

3<iilfl 

0008149 

..      15,80§<i 

DL«M 

Jiuy 

"f; 

0005778 

.-|     I8.3fll4 

2,31 

033311 

i2e»l 

...do 

.,      18.4892 

2.28  , 

0217S    . 

37518 

0004900 
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DATES  RIPE:  JULY  7  TO  11,  10O3— Continued, 


Record  ni. 

m 

ber 

rl^      (gril^B). 

Fe™,nt-'  ^^^ISht  1      *"'^™'i^^" 

. i 

""'"a*"'!  (g^,.  1  K« 

™"'-     k^^" 

SITW               ~ 

July    8        9 

Mil 

1.92      0 

02308        0 

175JO    0  00W432 

moi'.'-'. 

"I"    i 

«362 

2.80 

02731 

04581 

0007*10 

88606... 

s88o§::: 

2:i7 

0J793 

000512S 

SSfl09... 

:...do...    J 

8719 

35841 

waos'.'.'. 

W900... 

:»£;*:  ■ 

»77 

3:«i 

01896 

13J12 

0008106 

BSWS... 

3146 

Z.S1 

0OS5O 

0OSS4 

0002380 

::::3::::l  IJ 

2!  90 

000»15 

95.wi::: 

..-do...!      1; 

1B17 

!.S6| 

37023 

Donsooa 

9S509... 

::::do::;   ■. 

m^l 

07310 

D003238 

ssTos::: 

juJr  10  ■    11 

M28 

isii 

01626  1 

xm 

0004131 

MToe. . . 

1^ 

l»05£79 

95707... 

....do.... 

a!  47 

01457 

0IS72 

000359D 

Avpr 

W 

July  8  »        9 

wer" 

..«! 

^T, 

2647S  1    .0005380    1 

21905   1  July 

3       14.3111 

"    ,84'! '0 

oira9      0 

0004777 

i...,ao 

a " 

'.'.        2.9UX 

2190S 

..       3,SS74 

:82i 

02056 

13589 

onun'S5 

do 

..1    12.1819 

538S9 

02209 

v.       9!  T236 

:3i  1 

01907 

22461 

0004404 

do 

..!    10,1925 

02072 

M6S0 

2220s 

do 

,,        2,8985 

00953 

02019 

0006401 

22211 

02062 

36871 

2700S 

do 

..|    18,4120 

01«95 

43164 

0004984 

2720S 

do 

39539 

0004437 

27206 

:36 ' 

27207 

'.'.I      3:3268 

.92 

02004 

09712 

0005f5O 

27305 

do 

.,1      5,4668 

14382 

O0OSI79 

2^07 

07805 

2730S 

::■  v.'ii2i 

:w| 

01777 

18728 

0007373 

2750.S 

do 

..      12,031» 

24942 

0001627 

do 

2730S 

48406 

18053 

0006447 

4md; 

to 

..     11.2880 

l.M, 

01S72 

nn2?58 

2.81  I 

48401! 

4«ioe 

3:20 

01701 

30267 

00CB444 

48907 

;:::::::;:|::: 

do 

..1      1,««6 

2.64, 

02208 

do 

...     11,2008 

2.76| 

woe 

5500,^ 

3:05  1 

0006185 

do 

;:  IS 

3,181 
2.48 

si 

22705 

0005034 

i5.%« 

dn 

9:S078 

2:54 

023M 

24150, 

O0W2M 

do 

2.-3 

01709  1 

15879. 

0004867 

01959 

$7006 

2: 71 

01746  { 

57006 

do 

"l     10;iM6 

2,78 

0004010 

do 

..1      3,3170 

2,65 

01975  1 

0S792 

\'.""'.'".C.'. 

29188 

57306 

do 

::    7:9772 

2:80 

22815 

0006257 

57307 

::::;:::::|::: 

do 

2,4:1 

0004387 

67308 

01705 

57405 

0203]  1 

D0040SS 

ST4D6 

do 

::'  i.mi 

OIMO' 

oswi 

ono.»77 

57407 

,■■ 

do 

.-     14.W92 

2.02  1 

01908 

3929-1 

0005157 
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ta 

::::::;:::.'"! 

Meoe 

y  IS,  1003— Continued, 
.  I  Weleht  I       Prole: 


[Kl 


ATonga..  July  I. 


I      0.3tS42 

i    : 

.2«>ir 

23756  I 


I    Average 


00IMI7 

ooas39] 

00038S5 

ooosies 


DATK9  RIPE:  JULY 

15  TO 

19,  1903. 

19908  Ju 

yl5l      0 

0229^        : 

4S'    0 

0)430  '       D 

03212     0 

0001041 

....do...i    19 

do...|    1^ 

M105 

3»C» 

'Ju 

£»:  i 

60W|         3 

oisr 

0004870 

34206 

6M0        a 

do...       2 

9m        i 

!:"■  ■ 

4500! 

2J40        ; 

58 

013  8 

0004927 

«50S 

do:::    i 

BIM             3 

oi')9e| 

Omu' 

O005U7 

51005 

do...      13 

5SM         : 

63105 

v.  I 

do...      ( 

1)1642  1 

2ir2, 

OOOtSIS 

71805 

1186           ; 

85 

72806 

0388 

0004170 

88905 

"Ju 

£'•:  i 

308S           ! 

^ 

SS906 

4438          : 

81 

01774 

09972 

00MOS6 

B23W 

2816          ; 

0004179 

92206 

82207 

92208 

Ho:::   < 

B206           ■ 

72 

18009 

000510! 

92305 

do...     ; 

3850           : 

93 

0004380 

923M 

01732 

25816  1 

do::: 

B983            1 

0]69J 

0U91 

0002814 

92408 

7820           ; 

97 

92409 

0004171 

do:::   i 

01B16 

24969  ' 

0001944 

9290S 

do...       ! 

7000        ; 

O0O.WI9 

92006 

do:::    ■ 

do...      a 

2388           : 

01732 

07014 

00OIO18 

S2M0 

do...      10 

1383          ; 

70 

01916 

0005173 

M105 

■Jiiiy   15  ; 

87 

S4205 

.'%:t\  \ 

01W6 

i08.-,i 

waw 

do...     13 

7057           1 

96 

36199 

0005460 

do...      i 

0003642 

0004749 

dS:::   ! 

0161S 

14007 

0003343 

do...i 

7319            1 

95 

0I3O7 

0002519 

W608 

21319 

Awrage. 

July  16.2  1       5 

TSTl         2 

IT,- 

01869! 

14452    ~ 

00052J2 
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d  acoording  to  length  of  grovring 
period— i)oTi  tinued. 

DATES  RIPE:  JULY  19  TO  23,  1903. 


Yield 

Peroeni-    ^ 

t'e,  "^^rir 

Recor«,.uu..«..        ripj 

(enaa).    proleld  ]  ""li*""  1                   1 

tSSf 

17409 July  21 

14.8037 

2.7*1    O-OISStI      0 

40064     0 

0005106 

ITSOS 

July  W 

3885 

01820 

0006296 

iseo: 

."J." 

1462 

2.ce  j 

01.W7  , 

01335 

0003164 

0006181 

July  20 

ami 

July  31 

0006839 

.^1^1.^ 

1616 

01837 

12039 

0005337 

0005660 

.'^L''-. 

11711 

1S20 

a!  71 

01968  ' 

....do... 

U36 

01399  , 

01665 

0005371 

'3o';. 

2^60 

0004062 

xm^ 

KfOS 

....dO..- 

«S11 

3:00 

01 7« 

July  22 

11484   1 

000M37 

.'-l". 

26909 

09% 

July  22 

2.'m\ 

02145 

05807  , 

0006177 

■'"I:"' 

000»4> 

ssgos 

33906 

2!  81 

06424 

3woe 

'.'.'.'.al'.'.'. 

«05 

2,63 

0005549 

3aooe 

....do.-. 

2!  82 

0I9H 

OMM 

0007273 
0005394 

3SMS 

'."'aI'-'-'. 

7665 

2.74 

July  20 

18789 

oaa5i4a 

.;".i'.'. 

6316 

0004352 

issa» 

uem 

July  20 

8246 

2.U 

01806 

0004406 

18106 

July  21 

«fi55 

2.38 

2776^ 

D0a4.'i67 

^Eo^. 

0007290 

iS3oe 

ismt 

....do... 

e.19t» 

OlfiSo 

18S96 

0QW906 

-..do... 

2.1571 

oooTfise 

.'".L". 

17.422-i 

2^60 

S520« 

359! 

S880i 

■■"4- 

1471 

2:74 

63422] 

0006461 

flSSOS 

■July''2i' 

1.90 

BflOW 

3o=". 

3.59 

01814  ■ 

0008767 

....do... 

Tjaoe 

....do... 

01724 

....do... 

4442 

.<» 

01832 

19MB 

oooiwJt 

'JiJy  21 ' 

ai4e 

727« 

July  30 

038S 

2.27 

02270 

2782J 

0005044 

July  20 

3400! 

7130 

5438 

3:43  1 

01B7S  ' 

:*i%»: 

0003332 

0004077 

94200 

....do... 

«^|         ^;«  1 

018B5 

099R5 

Avemw- 

jub'ai.i 

~l 

5399 

2.03^ 

01SS6  1 

18054 

0005482 

DATES  RIPE:  JULY  23  TO  27,  1003. 


,™. 1™, 

aa      36302 

303  '    0 

01984        0 

0006010 

20N0J, 

do 

■-|   "■'»** 

3,32  1 

0213. 

4S784 
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of  grain,  labxdal 
M— ^Continued. 


DATES  RIPE: 


26001.. 
275l»!! 

isson'.'. 

3310?" 


.  July  a 
'. '  Jiiiy  a' 


.oxran  I 

.0U04510    I 


48107.. 
50705.. 

UToe.. 

50905... 


"do! 
[ulv  13 

lido!!! 

..!!do!!! 
July  n 


2.4731  ; 
2!313n  ' 
l!345l 
s!  34011 


.aiou 


!07«5B 
!  01272 


.(1II04340 

!ono5iitt 
.ano5i>M 


B  RIPK:  JULY  2 


17307 

.|  Julr  27 

174M 

an.. 

liWOS 

:'■: 

dn!! 

2O7O0 

21  ae 

-!■- 

do.. 

21206 

dn!! 

2120i 
212O0 

:'"■ 

do.. 

do!! 

213M 
22207 

do.. 

2S2M 

dS!! 

28108 

do.. 

do!! 

do.. 

32208 

do.. 

32«09 

do!! 

.D2W0 
!01M3 


.01040 
!02-2Sl 

.aim 


.1X110028 
! 0005824 

.floosms 

!n00442T 

!«">!w74 
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DATES  RIPE:  JULY  K,  1903,  OR  LATER-Con 


Perwnt      ''^ 

eighi        Prot*m__^iiltrogen      | 

Ykld 
(grsms). 

ag-ol      " 
protein     "B 

sr 

1 

nitrogen,   (^-^l       K. 

melj- 

saoos 

:::L'a 

IT        1.01S3 

3.78^    0 

01851        0 

03R49     0 

oaa6eo§ 

33305 

!!i     i.ima 

33«8::::::: 

!:!'!!!!rto 

1.II32 

i!a9l 

01448 

m,147  1 

0002009 

33805 

.......do 

7.0S96 

2.30 

16Sr2 

M«Ofl 

«.  iwo 

33807 

02125  1 

OB307 

SMM 

!:!.!;!!do 

4!  33 

000863.1 

34806 

.-.',.. .do 

B.19C2 

3.12  J 

02213 

0008904 

3690.1 

3,«il 

xTm'.'.'.:.:. 

!!!!!!!do 

230»l  ! 

37706 

...l....do 

!!j      1.206B 

2.  .14  1 

ojimI 

02S24  : 

000.1053 

37707 

!!!i'AiJt!" 

0006433 

sMos::::::; 

■4'"'!: 

27  1      2!  .1134 

2!  84 

01f«8 

0005135 

3(t»S 

..      12.1088 

3,81 

4.1713 

0007784 

38206. 

oaosB 

30405 

!!!  !!!!dD 

02093  . 

sma 

0008404 

3B507 

;;;.^| 

3,02 

01899 

0S696  1 

0005132 

39806 

iKoa 

02444 

42205 

!!l     !s494 

01W7 

4240S 

..1         .4«92 
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..;    12.0136 
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RELATION   OF   SIZE    OF   HEAD   TO   YIELD,   ETC, 


Plonu  grouped  accordii^  t 


July  7  t 
Jul;  n 

July  IS 
July  10 


Num- 
ber ol  I   Average 
anal-  I  date  ripe. 


&S  ^  JuJyl3.!!! 

6B  Julyjoil!;' 
Si  I  July23,2.., 
83     July27,!..| 


Proleld  nitrogen 

Keraela. 

r.^ 

fl.eoer        1.69     o.oaoM 
j.Mu         2.81  1     .diss; 

S.13M            2.87  1      .Dim 

S.53M  1       2.m      .uiNse 

..9015  ,         2,113        .01878 
4.«63«           2.M  ,      .01M2 

0,2M75 
.X8X 

:i3fl54 

Table  33.— Sumnuiry  itfnitmgm  eontttU,  etc.,  lainilaUd  according  to  yicU  per  plant. 
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KcoMngU 
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yse*. 

disss. 

(grams}. 
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1.7fl73 

proteid 

W 

eight  I 

Prate[d 
(gran 

:  33133 

kemer 

1 

July  20. 2,. 
J.^y21,9., 
Julyao... 
July  10.3.. 

JulJ.15.1.. 
July  M.S.. 

0  oiBia 

oraruaid 

i 

M 

0IB52| 
02103  . 

0005730 

!i£t 

nn:: 

000i3«2 

.  Table  34. — Summary  lyfyuld,  etc.,  tdbviattd  wxrding  lo  nitrogen  content. 
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'■"'■  I  I  l'^""B«°|  (graml. 


July  17. 
July  ifl. 
July  19. 
July2l. 
July  20. 


'WX13887 
'l»>t773 
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RELATION    or    SIZE    OF    HEAD    TO    YIELD,    HEIQHT,    AND 
TTLLEBINQ  OF  PLANT. 

The  size  of  the  head  has  always  been  considered  to  be  closely  con- 
nected with  the  productiveness  of  wheat.  The  well-known  work  of 
Hallet  in  increasing  the  yielding  qualities  of  wheat  is  perhaps  the 
best  example  of  wheat  improvement  by  the  selection  of  plants  having 
large  heads.  Whether  large  heads  or  a  large  number  of  medium- 
sized  heads  on  a  plant  are  more  desirable  is  still  a  question. 

Table  35  gives  the  yields,  etc.,  of  between  300  and  400  plants,  tab- 
ulated according  to  the  number  of  kernels  on  the  head.  Table  36 
is  a  summary  of  these,  while  Tables  37  and  38  consist  of  the  same 
data  tabulated  according  to  the  yield  per  plant  and  yield  per  head, 
respectively. 
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IMPROVING   THE    QUALITY    OF    WHEAT. 


It  will  be  seen  from  Table  36  that  the  heads  of  slightly  more  than 
medium  size  produced  the  lai^est  yields  of  grain;  that  the  weight  of 
the  average  kernel  did  not  increase  with  the  size  of  the  head,  nor  did 
it  decrease  except  on  the  very  lai^est  heads;  that  the  plants  with 
somewhat  more  than  average-sized'  heads  were  the  tallest,  and  that 
the  plants  with  medium-sized  heads  or  slightly  less  tillered  most 
largely. 

Table  37  shows  that  with  an  increased  yield  per  plant  there  is  a 
constant  increase  in  the  height  and  tillering  of  the  plant. 

Table  38  indicates  that  the  jneld  per  head  and  yield  per  plant  do 
not  increase  together,  but  that  the  largest  yielding  plants  are  those  of 
medium  yield  per  head.  The  same  would  seem  to  be  true  of  the 
height  and  tillering  of  the  plant.  The  weight  of  the  average  kernel 
increases  quite  uniformly  with  the  yield  per  head. 

In  considering  these  results  it  Ynust  be  borne  in  mind  that  these 
plants  were  grown  6  inches  apart  each  way,  and  were  therefore  not 
imder  the  conditions  that  would  obtain  in  a  thickly  drilled  or  broad- 
casted field,  where  lack  of  ability  to  tiller  would  be  compensated  for 
by  the  larger  number  of  plants.  However,  the  variety  of  wheat 
yielding  best  in  Nebraska  is  one  having  only  a  medium-sized  or 
even  small  head,  as  compared  with  most  wheats,  but  it  is  a  strong- 
tillering  variety. 

,  Table  35. — Relation  ofirize  of  head  to  yield,  height,  and  tillering  of  pLijit. 

SIZE  OF  HEAD,  BELOW  16  KERNELS. 


ber.  I    head. 


j  Yield  per  I 


32JD7.. 
STWS.. 
SSSOH.. 

49905!! 

■mn'.'. 
Miai!! 


i-erara    ,   Ueiffat 


SIZE  OF  !IE,\D,  Hi  TO  20  KEBSELS. 


1    ,9  1 

1H.8W);  .     a 

«w 

IB.  7 

':U^  1 

^ 
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Tabls  35. — Belnfion  qfsJTe  of  head  to  yUld,  keigkl,  and  tilUring  of  plaid — Continued. 
81ZE  OP  HEAD,  1«  TO  20  KERN EL3 -Continued. 


seios 

snm'.','.'.'.'.'.'. 
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SMon'.'.V.'.W. 
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Table  35.-^flrfarton  of  size  ofl\£ad  to  yidd,  height,  and  tiString  cf  jiaTa—CoatiaaeA. 
SIZE  OP  HEAD,  %  TO  24  KERNELS— ConUDued 


Record  num-      Blic  ol 


w.'ios.. 

33107.. 


Yield  per      Yield  wr  j 
(grama).   '    (gramii}. 


G73(M... 
ami. . 
S7S07... 


5!S::::::::: 
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»iiis'.'.'.'.'.'.'.'. 

9Z30«; ;;;;;;; 

933o«! !!!!!!! 
92507!!!!!!!! 


34« 

01723 
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02»0 

il 

01939 
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ooeifl 
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OI.U4 

4715 

1 

3S39 

02047 

^^     1 
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1' 

rem 

3943 

02206 
01732 

4208 

UJfilA 

SIZE  OF  HEAIl,  24  TO  28  KERNELS. 
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5032     [ 

01974 

4149     , 

01ri41 
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01982 

01919 
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- 1 

' 
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Table  35. — Relation  ofnze  of  head  to  yield,  keighl,  and  lilUring  0/ plan/— Continued. 
SIZE  OF  HEAD,  UTOK  KERNELS— Continued. 
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Table  35. — Bdalion  ofgize  of  head  lo  yiAd,  height,  and  tUUring  of  jiant — Continued. 

SIZE  OF  HEAD,  2«  TO  32  KERNELS— CaDtlDued. 


Boconl  num- 
ber. 
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RELATION   OF   SIZE    OF    HEAD   TO    riELD,   ETC.  11 

). — Rdation  of  raze  of  head  lo  yield,  height,  and  liOeriiuj  ofptant — Continued. 
SIZE  OF  HEAD,  32  TO  39  KERNELS. 


Record  num- 
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HeiKht 
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Wr. 
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l.JO>« 

3i.t 

\ 

A362 

■7735 

78 

95508 

'i 

i* 

< 

AreraKe- 

34-1 

7.2,iS. 
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Table  36. — Summary  of  rdation  ofaize  of  head  to  yield,  height,  and  tUlering  of  plant. 


Cluaiaratioa  aoconUng  t 

J    Number 
"  o(  plant. 

Avfrage 
niunbfr 

on  apikP. 

View  pet 
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M.2 
74:5 
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1 

Tablje37. — Rdalion  of  yidd  tf  plant  to  heii^  and  tiUering,  and  U>  Su  yield  per  head. 
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Table  3S.-- -Ar^afion  ofyidd  per  head  to  yidd.  hei^t,  and  tUleriny  of  plalU,  e 
affrage  Icemll. 
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(»oi-j« 

fl  1         s 
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2         ) 

I 
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SUSmAItT  AND  OOirCLITSIONS. 

As  between  wheat  kernels  of  the  ssme  variety  raised  under  similar 
conditions,  those  kernels  having  a  high  percentage  of  proteid  mate- 
rial have  a  lower  specific  gravity,  weigh  slightl3'  less,  and  occupy  a 
smaller  volume  than  kernels  having  a  smaller  percentage  of  proteids. 

As  between  individual  spikes  and  individual  plants,  the  same  rela- 
tions obtain. 

As  between  individual  plants  indifferent  years,  these  relations  do 
not  hold. 

The  quality  of  high  proteid  content  and  its  correlated  properties 
may  be  due  to  immaturity  in  the  kernel,  or  they  may  belong  to  the 
normal  and  fully  ripened  kornel. 

As  between  kernels,  spikes,  and  plants,  those  kernels  of  greater 
weight  contain  a  larger  weight  of  proteids — this  in  spite  of  the  fact 
that  they  contain  a  lower  percentage. 
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Plants  bearing  the  largest  number  of  kernels  have  kernels  of  more 
than  medium  but  not  the  greatest  weight,  as  do  also  plants  producing 
the  greatest  weight  of  kernels.  The  same  is  true  of  plants  producing 
the  greatest  weight  of  proteid  matter  and  gluten. 

Heavj'  seed  wheat  drilled  at  the  rate  of  1 4  bushels  per  acre  pro- 
duced a  much  larger  crop  of  seed  the  first  year  of  the  separation  than 
did  light  seed  drilled  at  the  same  rate,  but  by  continuing  the' separa- 
tion of  the  respective  crops  and  selecting  heavy  seed  from  the  crop 
grown  from  hea^'j  seed,  and  light  seed  from  the  crop  grown  from 
light  seed,  the  difference  in  yield  in  three  or  four  years  was  small. 

After  the  first  year  of  separation  the  light  seed  produced  a  greater 
amount  of  proteids  pef  acre  than  did  the  heavy  seed. 

A  determination  of  the  total  or  of  the  proteid  nitrogen  content  in 
the  kernels  on  one  row  of  spikelels  of  wheat  affords  a  fairly  close  esti- 
mate of  the  same  constituents  in  the  kernels  on  the  other  row  of 


A  determination  of  the  total  or  of  the  proteid  nitrogen  content  in 
the  kernels  on  one-half  of  the  spikes  on  a  wheat  plant  will  give  a  very 
good  estimate  of  the  same  constituents  in  the  kernels  on  the  other 
spikes,  provided  there  are  at  least  an  average  number  of  spikes  on  the 
plant. 

There  may  be  quite  a  large  variation  in  the  proteid  nitrogen  con- 
tent of  different  spikes  on  the  same  wheat  plant. 

Determinations  of  the  proteid  nitrogen  content  of  SOO  spikes  of 
wheat  of  the  same  variety  representing  different  plants  showed  a 
variation  of  from  1.12  to  4.95  per  cent  of  proteid  nitrogen,  and  351 
plants  of  the  same  variety  the  following  year  varied  from  1 .20  to  5. 85 
per  cent. 

The  proportion  of  gluten  to  proteids  in  kernels  of  different  wheat 
plants  may  vary  considerably.  A  determination  of  proteid  nitrogen 
is  therefore  not  always  a  guide  to  the  gluten  content  of  the  wheat. 
Selection  for  improvement  should  be  based  on  the  determination  of 
gluten. 

Wheat  plants  having  kernels  high  in  gluten  contain  a  smaller  pro- 
portion of  other  proteids  than  do  plants  of  medium  or  low  gluten 
content. 

In  wheat  of  the  same  variety,  raised  in  the  same  field  in  the  same 
year,  the  ratio  of  gliadin  to  glutenin  was  practically  the  same  in 
plants  of  low,  medium,  and  high  proteid  nitrogen  content. 

It  may  therefore  be  assumed  that  an  increase  in  the  gluten  con- 
tent of  a  given  variety  of  wheat  raised  in  the  same  region  would  carry 
with  it  a  corresponding  improvement  in  its  value  for  bread  making, 
although  there  might  be  fluctuations  from  year  to  year  in  the  qualitj' 
of  the  gluten. 
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The  content  of  proteid  nitrogen,  tlie  kernel  weight,  and  the  total 
proteid  nitrogen  production  hy  the  wheat  plant  are  hereditary  quaU- 
ties. 

There  is  a  tendency  for  plants  possessing  any  of  these  qualities  in 
an  extreme  degree  to  produce  progeny  in  which  the  same  qualities 
approacli  more  closelj'  to  the  average,  but  certain  exceptional  plants 
may  transmit  the  same  or  more  extreme  qualities. 

The  yield  of  grain  per  plant  alter  a  severe  winter  was  decreased  in 
proportion  to  the  susceptibility  of  the  plant  to  cold.  The  effect  of 
the  cold  caused  the  plant  to  produce  a  less  number  of  heads,  or,  in 
other  words,  to  tiller  less. 

The  early-maturing  plants  yielded  the  most  grain,  and  those  ripen- 
ing later  produced  in  each  case  less  when  grouped  into  ripening 
periods  of  four  days,  extending  through  more  than  three  weeks'  time. 

Tlie  early -maturing  plants  produced  grain  of  slightly  lower  nitro- 
gen content  than  the  later  maturing  plants,  and  the  number  of  grains 
of  proteid  nitrogen  in  the  average  kernel  was  likewise  less  in  the 
early-maturing  plants. 

Plants  with  heads  of  slightly  more  than  medium  size  produced 
the  lai^est  yields  of  grain,  and  were  taller  than  plants  with  either 
larger  or  smaller  heads.  Plants  with  heads  of  medium  size,  or  slightly 
less,  tillered  most  extensively. 

The  weight  of  the  average  kernel  did  not  increase  with  the  size  of 
the  head,  nor  did  it  decrease,  except  on  the  very  largest  heads. 

The  largest  yielding  plants  were  the  tallest  and  tillered  most. 
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BITLLETUfS  OF  THE  BUREAU  OF  PLANT  INSUSTBT. 
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LErTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Acmcur-'mRE, 

BuREAD  OF  Plant  Industry, 

Office  of  the  Chief, 
Washington,  I>.  C,  Mny  1.  l!>Or). 
Sib:  I  have  the  honor  to  truiisinit  herewith   a   twhnical   paper 
untitled  "'  The  Variability  of  Wheat  Varieties  in  Resistance  to  Toxic 
Salts,"  and  to  recommend  that  it  I)e  published  as  Bulletin  No.  79  of 
the  series  of  this  Bureau. 

This  pa})or  wa-s  prejjared  by  ilr.  L.  L.  Ilarter,  Scientific  Assistant 
in  the  I^aboratory  of  Plant  Breeding,  Vejjetable  Pntholopica!  and 
Physiological  Investigations,  and  was  submitted  by  the  Pathologist 
and  Physiologist  with  a  view  to  publication.  The  subject-matter  of 
the  bulletin  will  l>e  of  interest  to  experimenters  who  ai-o  working  on 
the  problems  of  securing  alkali-resistant  strains  of  agficultnnil  crops. 
Respectfully, 

B.  T.  (i.u.mwAv. 

Chief  of  Bureau. 
Hon.  Jambs  Wii.son, 

Secretary  of  Agriculture. 
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The  main  object  of  the  accompBiiviiig  paper  is  to  prove  thnt  differ- 
ent larieties  of  a  single  sijeirit's  behine  differently  in  the  presenfc. 
of  the  hsrmftil  ssahs  that  are  present  in  the  so-called  alkali  soils  of 
the  wewteni  United  States.  The  work  has  been  done  with  varieties 
of  wheat  on  account  of  the  great  importam"e  of  that  crop  in  the 
region  indicnted  and  because,  l>eing  grown  under  a  great  diversity 
of  conditions  as  regards  climate  and  soil,  wheat  varieties  wonld  be 
exi>ected  to  ditfer  much  among  themselves  in  their  power  to  with- 
stand the  effect  of  excessive  amounts  of  salts  in  the  soil,  just  as  they 
differ  widely  in  their  capability  of  withstanding  drought,  cold,  and 
parasites. 

The  experiments  were  made  with  young  seedlings,  their  roots  being 
exposed  for  periods  of  twenty-fonr  hours  to  the  action  of  pure  solu- 
tions of  the  salts  used,  the  greatest  strength  of  solution  in  which 
the  I'oot  tips  (-onld  survive  I)eing  taken  as  representing  the  limit  of 
endurance  of  each  variety  to  each  salt.  The  salts  used  were  the  car- 
iKHiate,  bicarbonate,  sulphate,  and  chlorid  of  sfnlium,  and  the  sul- 
phate and  chlorid  of  magnesium.  These  are  salts  that  are  generally 
present  in  tlie  largest  quantity  in  alkali  soils.  Nine  varieties  of 
wheat,  both  from  the  Olil  World  and  the  New,  representing  widely 
diffeivnt  clinuites  and  soils,  wei-e  compared. 

It  was  found  that  the  varieties  ditfered  greatly  in  their  ability  to 
withstand  the  poisonous  action  of  the  salts  iise<l.  This  was  more 
strikingly  brought  out  in  the  case  of  some  salts  than  of  others.  To 
magnesium  sutiihate,  for  example,  some  varieties  are  three  times 
as  resistant  as  ate  others.  Tables  are  given  in  the  following  paper 
showing  the  limit  of  concentration  of  each  of  the  nine  varieties  foi 
each  of  the  six  salts.  It  was  also  clearly  dein<instrated  that  the  dif- 
ferent individuals  of  each  variety  differ  much  in  resistance,  and  the 
limits  of  the  varieties  as  established  ai-e  only  the  means  of  the  limits 
for  all  the  individuals  tested.  Analyses  of  the  ash  of  each  lot  of  .seed 
used  wei-e  obtained  from  the  Bureau  of  Chemistry,  Init  no  convla- 
tion  could  l)e  shown  l>etween  ash  composition  and  resistance  to  action 
of  toxic  stilts.     On  the  other  hand,  it  was  clearly  demonstrated  tliat 
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with  feiv  except iona  the  varieties  that  have  originated  in  arid  regions, 
where  the  soils  are  usually  more  saline  than  in  humid  regions,  are 
those  that  tire  most  resistant  to  i>tire  solutions  of  sodium  and  magne- 
biuni  salts.  Three  varieties  of  southeastern  Kussia,  with  one  excep- 
tion, were  found  to  he  the  most  resistant  of  all  those  tested. 

It  is  helieved  that  the  lalH)ratory  work  upon  which  this  paper  is 
based  has  a  direct  practical  l)earing,  as  it  gives  us  an  indication  of 
what  varieties  are  most  likely  to  succeed  in  arid'regions  where  the 
soilH  arc  more  or  less  salty.  Furthermore,  as  some  one  salt~e.  g., 
sodium  chlorid — sometimes  strongly  predominates  in  the  soils  of  a 
particular  region,  and  as  these  experiments  show  clearly  that,  while 
one  variety  may  Iw  more  resistant  than  another  to  sodium  chlorid, 
the  swond  is  often  more  resistant  than  the  fii-st  to  sodium  carbonate 
or  to  nuignesium  isulphate,  we  can  thus  obtain  information  ns  to 
which  of  the  many  varieties  of  a  great  crop  can  be  sown  with  the 
best  chance  of  success  upon  a  given  type  of  alkali  soil.  In  other 
words,  a  few  weeks  of  simple  laboratory  exi>eriment  may  save  years 
of  costly  trial  in  the  field,  althongh,  of  course,  the  water-culture  ex[>er- 
iments  can  not  be  considered  as  giving  more  than  an  indication  of 
what  we  can  expect  each  variety  to  do,  and  the  final  test  must  be  the 
growing  of  the  crop  upon  a  practical  scale. 

The  great  individual  variability  in  resistance  brought  out  in  these 
experiments  shows  that  not  merely  have  we  found  a  guide  as  to  which 
of  existing  varieties  are  best  adapted  to  different  types  of  saline 
soils,  hut  that  there  is  an  excellent  opportunity  for  increasing  their 
resistaiK'e  by  selecting  seed  from  the  most  resistant  individuals. 
The  present  investigation  affords  further  evidence  that  it  is  practi- 
cable to  apply  plant-breeding  methods  to  the  "  alkali  problem  '*  and 
adapt  crops  by  selection  to  the  imfavorable  conditions  presented  by 
soils  that  contain  excessive  amounts  of  soluble  salts. 

A.  F.  Woods, 
I'<ri/io!'H/iH  and  Physiologist. 

Office  ok  Veget.\bi,e  Patiiolocical 

AJJO   PllYSlOlXKJlCAL   InVESTIOATIONS, 

Washiui/ton,  D.  C,  Apri/  36, 1905. 
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THE  VARIABILITY  OF  WHEAT  VARIETIES  IN 
RESISTANCE  TO  TOXIC  SALTS, 


INTBODTTOnON'. 

It  has  been  shown  quite  conclusively  in  recent  years  that  different 
species  and  genera  differ  very  much  in  their  ability  to  resist  the  influ- 
ence of  toxic  salt  solutions.  Numerous  investigations  of  the  action 
of  acids  and  salts  upon  plants  have  been  made,  especially  during  the 
last  four  or  five  years.  Investigations  of  this  nature  are  not  only  of 
great  scientific  interest,  but  promise  in  some  casc-s  to  Ikj  of  consider- 
able practical  importance.  One  j>haHe  of  this  subject  which  is  espe- 
cially interesting  from  this  latter  point  of  view  is  that  of  the  relation 
of  plants,  particularly  cultivated  plants,  to  the  components  of  the 
saline  or  alkaline  soils  that  are  so  common  in  the  arid  part  of  the 
United  States  and  of  many  other  parts  of  the  world, 

A  preliminary  investigation  of  this  phase  of  the  subject  was  made 
by  Messrs.  Kearney  and  Cameron,"  who  showed  by  a  large  number  of 
experiments  on  Lupinits  alhiis  and  Medicaya  Sfitiva  that  the  death 
limit  of  the  nwt  tips  was  very  different  for  different  salts.  For 
instance,  the  limit  for  LnphiHn  albun  in  sodium  chlorid  was  found  to 
be  0.02  of  a  normal  solution,  and  in  magnesium  sulphate  0.00125. 
For  Afedictiffo  eatina,  in  mixed  solutions  containing  an  excess  of  two 
calcium  salts,  the  limit  was  0.S5  in  magnesium  sulphate  and  0.20  in 
sodium  chlorid.* 

Much  work  has  been  done  in  comparing  different  botanical  species 
as  to  their  resistance  to  the  effect  of  salt  HO^utions,''  but  the  compara- 

«  Report  No.  71,  U.  B.  Dept  of  Agriculture  (11102). 

*  MeK8rfi.  Kablenberg  and  True,  who  bave  done  coiiHldernble  work  along  tlila 
llDe.  particularly  with  salts  and  «ckis,  give  Hoiiie  very  lutereatlng  results.  They 
found  (On  the  Toxic  Action  of  I>l«solve<l  Salts  jmd  Their  Elect rol.v tic  Dinsoclii- 
tlon.  Bot  Gaz..  22 :  81,  ISIMI)  tbat  Luplnug  alhiig  would  Just  survive  In  ^j^n^ 
gruni  mol.  per  liter  of  copier  aalts.  They  found  the  tuime  llinltB  with  ferrous 
Hutpliate  (FoSO,),  nickel  sulphnte  (NISOJ,  and  eohiUt  sulplmte  (CoSO,).  but 
for  mercuric  chlorid  (Hg€l,)  uij,,  and  mercuric  cyanid  (HgCn,)  only 
TBi'fim  Kram. 

c  The  experiments  of  Henld  (On  the  Toxk  Effect  of  Dilute  Solutions  of  Adds 
and  Salts  u|H>ii  Plants,  Bot.  Giik.,  '£i:  1U>'>.  18!)(i),  and  later  those  of  Moore  iiml 
Kellenuun.  are  amone  the  most  IntcrextiiiK  in  this  connection. 

Henld,  In  a  series  of  exiierlments  resemhiing  those  of  Knhlenben;  and  Tnie. 

obtained  some  valuable  rennlts  with  Guvurbita  pepo,  Zca  mays,  and  Piaum  aali- 
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tive  resistance  of  cUfferi'iit  varieties,  or  i-aces,  of  a  single  spwies  has 
received  little  attention." 

Dnring  the  nutuiiin  of  1903,  and  again  in  1904,  tiie  writer  liad  occa- 
sion to  reiieat,  at  the  Department  of  Agricidfiiro,  Washington,  I>.  C. 
the  exiieriments  jircviously  conducted  by  Kearney  and  Canieroii  with 


i-um.  He  found  the  limit  of  Pinam  talivuiu  to  be  ^fi^  griim  mol.  jier  liter  for 
I'liinHT  Hulpliutc  (fuSOj)  UK  the  Btrpngtb  which  will  biirely  [xruilt  the  roots  to 
live.  Btid  t!mt  for  Zca  mays  to  Ite  ijIjj.  He  obtnliicd  resultn  with  various 
Biitts.  but  this  wilt  auflii-e  to  nhow  the  varinbillty  lietweeii  pluiitK  widely  kc|>- 
a  rated  ta  relatlonabiii. 

Moore  and  Kclleraiiiii  (A  Method  of  UcMtroyliiK  or  rrcvctitlnif  the  Growth  of 
Algie  and  t:ertiilii  I'litbogeuic  ltii<-teria  in  Mater  Suiiiilles,  Ilui.  lit,  Itun'iiu  of 
Plant  IiuluBtrj-,  U.  S.  IK'imrtnieiit  of  ABrlcalttiii',  IIKM)  siiy  : 

In  <I<<iiIlii|i;  witli  uIkk'  tbe  tosli'  coi  icon  (ration  vui'iex  jfrt'iitly  for  dllferpnt  Keii- 
erii.  c\'eii  for  different  K|iccicfl  of  tbe  tiaaie  xemiM,  Niiuell  deiitonst rated  tbe 
exiretue  HeusltlveiiesB  of  Hiihyiffj/ra  nllUla  am)  iS'.  dHbia  to  the  iii-i<Hi>tii-e  of  (ii|i|ii'r 
eolaa  In  tlie  water.  Oncillaturia.  ClaihipJiora.  <Kdii{Hniium.  ntid  tbe  diatoina 
Buecunib  In  six  houra  to  a  co]i[icr-anl|ibate  Holutlon  of  1  to  20,(100  and  lu  twu 
days  to  1  to  fiO.OdO  iiccordlui;  to  Itukoriiy.  •  •  •  Arcordlni;  to  (Jno,  weak 
DolutloiiK  of  tlic  saltH  of  most  of  tbe  metals  enconratie  tbe  growth  of  iilgie  aud 
fuagl.  Mercury  and  coinwr,  liowever,  nt  O.txxKiri  jut  c-ent  and  O.UtKXM  j)or  eeat, 
resiiectlvely,  distluctly  inbiblt  gnnvtb,  Tblsi  was  tbe  cnse  nitb  Stlgnii-limlum. 
Chruocot^un,  and  PiiiU/finii-u*. 

^kloore  aufl  Kellerman  liave  obtatiied  results  with  algie  wlilch  serve  very  well 
to  Illustrate  tlu^  varlabiilly  of  tliese  organisms  in  the  [irpseiico  of  the  toxic  iftii- 
IKV  sulpbate.  They  rooa<l  that  with  this  sjilt  1  to  2.-|,000.  1  to  75,000,  and  1  to 
100,0110  were  sulHcient  to  kill  leiipliiaiani  iinlyiiwriiliiiin  In  four  days,  Di-«mltlluiu 
KirartsH  lu  three  diij'H,  iind  Xavlciile  «|),  In  five  days,  ruHi>eetii-elj\  One  part 
of  salt  to  ;mhmMMi  of  wjiter  and  1  to  I.IXXP.ilOO  wei-e  fatal  to  Confi-rva  hninbiiclnum 
i[i  tlii-ee  days  and  t^iiiiura  iirvllii  in  ii  few  uiinutcs.  CUmlrrium  vi>inS1lfrr«m  waa 
killed  In  four  days  in  a  I  to  .''•OO.IXIO  solution,  and  Aiiahirna  flan-aqnir  lu  a  1  to 
b.OUO.OOO  tulution  iu  seveuty-two  Hours.  The  most  sensitive  of  nil  was  Criiitlruti 
ai,wri<-aiin.  inai'ti<'al1y  all  of  whlih  weiv  kllleil  hi  a  1  to  ]«,((00,000  wlutlon  In 
ul.^teeu  boura. 

a  J.  F.  Itreazeak'  inf.iriiis  the  writer  that  lu  wnter-cullure  e.\|ieriiaent»  In 
the  lalmratory  of  the  Itureau  of  Si)lls,  I'nited  Stales  IViuirtuieut  of  Agrleulture, 
Ire  lias  found  a  verj'  wide  variation  In  tbe  development  <)r  seedlings  of  different 
varieties  of  wheat  wbcu  Krown  In  tbe  same  nrtiHeinl  uutrieiit  solutions  and  also 
aqne«>us  extracts  of  s<)il,  and  W.  II.  Ileileindn.  In  the  same  lalmratory,  lias  aliowu 
verj'  similar  results  to  those  [ii'csi'nlcd  in  this  InvcNtlRatloii  wbea  nahiK  different 
varieties  of  wlwnt  In  i>ot  cultures  of  inituriil  and  iirtlHeial  alkali  soils.  It  has 
also  iM-eii  sbown  tbat  the  vl^or  aial  rate  of  ^'ruiliiatlon  of  aiHila  of  different 
varieties  an'  very  different  wlaii  previously  w)aked  In  any  (ilven  solution  of  an 
elect  TO  lyte. 

Cameron  and  Krea/eale  (The  To.\lc  -ictlon  of  .\cids  and  Salts  on  SeeilllnKs. 
Journal  PliyH.  t'lieni.,  vol.  S,  No.  1,  |j.  1,  Jan..  ISHM)  have  shown  a  wide  varia- 
tion in  tbe  toxic  action  of  different  salts  and  acids  on  seedlings  of  plants  widely 
a<<pa rated  la  relationship. 

From  certain  jiolnts  of  view,  esiiecinlly  as  liearluE  on  current  ehemieal  tbeo- 
rica.  tbe  jiaper  of  Dandeno  (,\niericau  .louriial  of  Scieuee,  Vol.  XVII,  June, 
1004)  In  this  field  is  eMi>ecially  InteresthiK,  hut  a  direct  eoniimrlsoii  of  results 
in  toxic  salt  aolutions  can  not  be  made,  owltit;  to  the  fact  that  seedliuga  of  differ- 
ent plauts  have  been  used. 
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Lu/miiis  alliux.  Altliough  the  onlcr  of  toxicity  of  the  various  salts 
remnined  the  aaiim  in  the  three  series  of  experiments,  quite  difTerent 
limits  of  endurance  were  obtained,  thost-  in  the  first  series  made  by 
the  writer  being  much  higher  than  those  obtained  by  Kearney  and 
Cameron  and  by  the  writer  in  his  second  .series.  The  idea  was  at 
once  suggested  by  these  results  that  ivliile  po-ssibly  the  second  lot  of 
Hwd  may  have  differed  only  in  Iwing  younger  or  otherwise  mon' 
vigorous  it  was  also  jxjssible  that  different  varieties  or  even  merely 
strains  fnim  different  sources  of  the  same  species  might  differ  con- 
siderably in  their  jMwer  to  resist  toxic  salt  solutions.  It  was  there- 
fore with  a  view  of  determining  whether  or  not  tliis  was  true  that 
the  series  of  experiments  which  forms  the  subject  of  this  paper  was 
undertaken  with  different  varieties  of  wheat. 

Attention  should  be  directed  at  the  outset  to  an  important  condi- 
tion under  which  this  work  was  carried  on.  Most  of  the  work  of 
this  kind  has  been  conducted  with  comi)aratively  few  seedlings.  But 
individual  varialiou  in  resistance  is  well  known  to  l>e  exceedingly 
gi^at,  and  enough  seedlings  must  1»  tested  to  eliminate  all  such  differ- 
ences. The  average  of  the  resistances  of  a  large  nuniU'r  of  set^Uings 
must  be  aseeilained.  Tlie  writer  has  in  every  case  used  from  50  to 
100  set^dlings,  and  more  in  some  cases,  the  numlx-r  tested  being  con- 
sidered sufficiently  large  to  eliminate  individual  variati(m  and  give 
fairly  consistent  i-esults.  The  total  numU'r  of  seeds  experimented 
with  aggregated  nearly  5,000. 

The  work,  the  results  of  which  are  shown  in  this  paiK'r,  was  taken 
up  at  tlu'  suggestion  of  Mr.  Thomas  \\.  Kearney,  Physiologist,  of  the 
Ijiiboratory  of  Plant  IJrceiling  of  the  Department  of  Agricnlturt!. 

SALTS  USED. 

It  was  decided  to  emph)v  the  same  salts  useil'  by  Kearney  and 
CameTOu  in  their  work  with  Luphms  itlhug,  i.  e.,  sodium  chlorid 
(XaCl),  sodium  sulphate  (Nu.HO^),  sodium  (Nirljonate  {Na.<'(>„), 
.sodium  hiearl>onate  (NallCt)^),  nmgnesium  .'^tdphate  (MgSOJ,  and 
luiignesiuni  ehhu-id  (MgCl.).  A  basis  for  direct  comparison  is  thus 
obtained.  It  was  thought  Ix'st  to  usv.  these  salts,  also,  Ix-cause  of  their 
conmion  occnrrence  in  saline  soils,  and  their  tendency,  in  si  greater 
or  less  degn-e,  to  inhibit  vegetable  growth. 

VABIBTIB8  8ELBCTEB. 

The  selection  of  the  varieties  of  wheat  lo  l)e.  used  in  this  work  has 
not  lieen  an  easy  matter,  there  being  a  nnmlwr  of  details  to  consider 
in  making  the  choice.  To  prove  whether  there,  is  a  difference  in  the 
jH)wer  of  different  varieties  of  the  same  species  to  resist  the  action 
of  toxic  salt  solutions  it  was  decided  to  use  varieties  representing  very 
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different  conditions  of  climate  and  soil,  and  ^jclectlons  were  iiiad«, 
with  the  aid  of  Mr.  M.  A,  Cnrletoii,  Cerealist  of  the  Bureau  of  Plant 
Industry,  with  this  end  in  view.  All  conditions  under  which  wheat 
in  grown  are  not,  of  course,  represented.  Wheat  is  raised  in  nearly 
every  portion  of  the  temperate  zone  and  under  as  diverse  conditions 
of  soil  Hnd  climate  as  could  well  be  imagined.  An  attempt  has 
i)een  made,  however,  to  obtain  varieties  representative  of  the  regions 
presenting  the  greatest  contrast  in  these  respects.  Cerealists  have 
discovered  that  wheats  well  adapted  to  a  humid  re^on  will  not  thrive 
in  nn  arid  or  semiarid  region,  nor  will  varieties  that  are  best  adapted 
to  the  latter  conditions  thrive  in  a  humid  environment.  Varieties 
repIv^«'nting  each  of  the„se  different  climatic  types  were  used  in  the 
exi>erinients.  Unquestionably  the  soils  of  the  various  regions  from 
which  the  seeds  Averc  obtained  differed  chemically  to  a  great  e.xtent, 
but  in  most  cases  data  as  to  soil  composition  were  not  obtainable. 
The  influence  of  climatic  and  soil  factors  is  complicated  b}-  the  fact 
that  seeds  are  often  transferred  from  one  region  to  another.  For 
example,  a  certain  variety  might  have  been  grown  for  a  number  of 
years  in  strongly  saline  soil  to  which  it  has  become  thoroughly 
adapted,  and  then  transferred  to  a  somiarid  region  and  a  soil  con- 
taining less  salt.  Were  the  seed  procured  from  the  new  region 
soon  after  the  transfer,  while  the  variety  was  not  yet  adapted 
to  the  new  conditions,  probably  it  would  still  show  the  high  degree 
of  resi.'itance  acquired  under  the  former  conditions.  In  some  case-s 
it  was  possible  to  learn  the  exact  history,  for  several  generations,  of 
the  seed  used,  but  in  others  it  was  im|>nssible  to  obtain  such  definite 
information.  To  meet  the  conditions  of  the  experiments  it  was 
thought  advisable  to  select  varieties  from  i-egions  widely  sejtarated 
geographically.  Therefore,  one  variety  from  Africa,  two  fnun 
Europe,  one  from  Asia,  and  six  from  America  were  <ibtained.  Two 
of  the  varieties  are  durum  wheats  and  consequently  of  a  different 
species;  the  rest  are  soft  grained. 

The  following  descriptions  of  the  individual  varieties  will  render 
more  intelligible  the  conditions  under  which  they  grew  originally : 


The  variety  of  wheat  known  as  Preston  {Trlt/mm  rvlgare)  is  a 
hybrid,  produced  by  Ur.  William  Maunders,  of  the  agricultural  ex- 
periment station  at  Ottawa,  Canada.  In  the  spring  of  18S8  Doctor 
Saunders  cros.sed  the  varieties  Red  Fife  and  Ladoga,  obtaining  a  new 
sort,  which  was  called  Preston.  Red  Fife  was  taken  as  the  male  and 
I^adoga  as  the  female  jjarent.  The  progeny,  he  says,  resembles  some- 
what both  parents.  The  grain  is  very  much  like  Red  Fife.  Both  the 
parent  varieties  are  well  established  in  that  part  of  Canada  and  were 
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grown  there  with  great  success  fnr  many  years  previous  to  the  origin 
of  this  hybrid.  Preston  has  proved  to  be  a  better  variety  than  either 
of  its  parents,  both  in  yield  and  in  range  of  adaptability.  Tlie  region 
in  which  its  parent  varieties  grow  is  very  humid.  Doctor  Saunders 
claims  that  Preston  ripens  its  grain  from  three  to  four  days  earlier 
than  either  of  its  parents.  In  view  of  this  fact  it  is  reasonable  to  con- 
clude that  it  is  better  adapted  to  regions  having  diminished  rainfall 
during  the  latter  part  of  the  season,  and  experience  has  justified  the 
conclusion.  Preston  has  given  the  best  results  of  all  the  spring 
wheats  introduced  into  the  Northwest.  It  is  to-day  grown  success- 
fully in  the  southern  part  of  Canada  and  in  a  part  of  the  United 
States  that  includes  North  Dakota,  eastern  Montana,  Minnesota, 
South  Dakota,  and  Wisconsin." 


Turkey  wheat  ( Triti&um  vnlgare)  is  considered  the  hardie.st  vari- 
ety grown  at  the  present  time  in  the  TTnited  States.  It  is  a  bearded 
.sort,  with  white  chaflT,  small  head,  and  red  grain.  It  is  especially 
well  adapted  to  seiniarid  regions,  as  is  readily  seen  from  the  region 
in  which  it  is  grown.  This  variety  was  introduced  into  Kansas 
about  twentjs-five  years  ago.  For  a  while  it  was  confinerl  to  a  small 
district  of  that  State,  but  during  the  past  twelve  or  fifteen  years  its 
excellent  quality  has  l>ecome  generally  known,  and  consequently  it 
is  grown  on  a  much  larger  area.  It  came  originally  from  Crimea 
mid  other  [xirtions  of  Tnurida,  in  southern  Ru.ssia.  That  country 
does  not  ditfer  greatly  from  the  section  of  the  TTnited  States  in  which 
the  variety  has  given  such  gooil  results.  Though  it  is  not  a  variety 
giving  unusually  heavy  yields,  it  is  well  adapted  to  resist  droughts 
and  may  be  depended  upon  for  a  greater  average  yield  than  any  other 
variety  grown  in  Kansas.  It  ripens  rather  early,  and  thus  escapes 
the  excessive  droughts  which  frequently  prevail  during  the  latter 
part  of  the  wheat  season  in  that  district.  It  is  esi)ecially  adapted 
to  the  Great  Plains  region,  including,  rou^ly,  Kansas,  Oklnlioma, 
southern  Nebraska,  .southern  Iowa,  northern  Texas,  and  portions  of 
Mis.souri  and  Arkansas.* 

ZIMMERMAN. 

The  variety  known  as  Zimmerman  {Triticum  vulgarc)  is  grown 
to  some  extent  in  the  same  region  as  tlie  one  jnst  descril)ed.  How- 
ever, it  has  a  numl)er  of  essential  points  of  difference  and  some  char- 

"  Dr.  Wlllliuu  SuunilerB,  CerealH  and  Ruc)t  Croiiw,  Ottawa,  Cinindu,  1002. 

*Cjirlet<>ii.  M,  A.,  HiihIr  for  the  Iiii|jnivt"iiipnt  of  American  WlieHts.  Bui.  24, 
DIvlHlfUi  of  Vegetable  Physiology  nniJ  I'atliology.  U.  S.  Depnrtiiieut  of  Agricul- 
ture, 1000. 
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acteristics  that  make  it  prcfcralile  for  the  experiments  described  here. 
As  a  whole,  it  is  inferior  to  the  Turkey  wheat,  being  less  resiistaiit  to 
drought,  and  it  is  grown  principally  in  regions  which  have  a  greater 
iinniial  rainfall.  Zimmerman  wheat  has  two  good  qualities  to  rec- 
ommend it— it  is  beardless  and  ripens  from  four  days  to  a  week  ear- 
lier than  other  varieties  in  the  same  locality.  It  is  a  fairly  hardy 
sort,  and  is  as  rtwistant  as  the  average  variety  to  the  coI<l  of  severe 
winters.  It  is  be-st  adapted  for  cultivation  in  soutliern  Kansas, 
Oklahoma,  northern  Texas,  Missouri,  Kentucky,  Tennessee,  Arkan- 
sas, and  farther  southward.  This  region  has  a  much  larger  annual 
rninfall  than  the  one  inhabited  by  the  Turkey  variety,  with  the 
exception  of  the  States  in  common — Kansas,  Oklahoma,  and  Texas. 


TliR  seed  use<i  of  the  Kharkof  variety  of  wheat  (Triiwum.  mlgarc) 
was  olrtained  by  the  United  States  Department  of  Agriculture  from 
the  Agricultural  Society  of  Kharkof,  Russia,  in  the  Starobielsk 
district.  Kharkof  is  in  the  soiithorn  part  of  Russia,  almut  'AOO  miles 
north  of  the  Black  Sea  and  al>out  350  miles  west  of  the  Volga  Kiver, 
The  winlei-s  are  very  dry  and  at  no  season  of  the  year  is  tlie  rainfall 
great.  Kharkof  is  a  r(Hl-l)earded,  hardy  winter  wheat.  The  .seed 
was  obtained  from  the  crop  grown  in  Russia  during  the  season  of 
1902. 

PADUI. 

Seed  of  the  Padui  variety  (Tritinim  ludr/are)  was  obtained  from 
Saratof,  in  eastern  Russia.  Suratof  is  located  on  the  Volga  River, 
about  400  miles  from  its  outlet  into  tlie  Caspian  Wea.  Padui  is  a 
soft  or  semihard  winter  wlieat,  and  is  adapted  to  all  northern  winter- 
wheat  States  from  New  York  to  Kanssis  and  southward  to  the  thirty- 
fifth  parallel.  Tlie  seed  with  wli'feh  these  tests  have  Ix-en  ma<le  was 
inijx)rted  directly  from  Russia.  I*a<lui  is  very  resistant  to  drought, 
the  rainfall  in  the  region  where  it  is  grown  falling  as  low  as  12  to 
I.'i  inches  p^-r  ainnim.  This  variety  is  cultivated  to  some  extent  in 
tlie  sanle  n'gion  as  Kid>anka  {descrilHul  later),  and,  therefore,  is  sub- 
jected to  the  same  climate  and  pi'obably  to  the  same  soil  conditions. 


Dr.  E.  A.  Resscy  descrilx's  the  conditions  under  which  the  Chul 
variety  {Tritii-nin  i-iih/arc)  is  gn)wn  in  Turkestan  and  iu  the  south- 
ern part  of  central  Asia,  alxuit  Samarkand.  It  is  found  more  or 
less  in  this  whole  stejjiic  region,  from  whit;li  it  derives  its  name, 
Chul  meaning  stei)|)es.  It  is  a  hard  grain  and  grows  withont  irri- 
gation, yields  two  harvests,  and  can  be  sown  as  either  winter  or 
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spring  wheat  The  seed  for  these  experiments  was  obtained  by 
Doctor  BcKsey  for  the  Department  of  Agriculture  from  its  native 
country,  bi^'itig  tukeii  from  the  crop  of  1902. 


Tiie  variety  known  as  Budapest  (Trltiriim  I'jilgare)  is  one  of  the 
hani  winter  wheats  imported  originally  fnmi  Iliingnry.  It  is  now 
grown  in  Michigan  and  adjoining  States  with  great  success.  Of 
all  the  varieties  imjwrted  from  Hungary,  Budaiiest  has  proved  the 
best.  It  is  well  suited  for  cultivation  in  the  North  Central  States, 
including  Michigan,  Illinois,  Indiana,  Ohio,  western  New  York, 
Keiitu<^ky,  and  perhajw  farther  south.  It  is  a  bearde<l  wheat,  with 
white  chaff  and  red,  mediniu  hard  grain.  It  is  a  success  only  in 
i-egions  with  a  fairly  large  rainfall. 


The  two  varieties  of  durum  wheat  (7'fitioim  durum),  Kubanka 
and  Maraonuni,  wei-e  selected  outside  of  the  spt'cies  i-vlfiare  in  order 
to  find  tyiH's  grown  under  t'.\treniely  arid  «>ndilions.  The  seed  of 
Kubanka  was  obtained  originally  from  Russia.  The  seed  used  was 
of  the  fourth  generation  grown  in  the  United  States  and  should 
show  something  of  the  effe<:t  of  soil  and  climatic  conditions  here, 
provide<l  these  differ  essentially  from  those  of  the  country  where  it 
originated.  Four  years  is  thmbtless  sufficient  time  to  acclimatize  the 
variety  fairly  well,  Kubanka  is  grown  in  an  extensive  area  of 
eastern  Eiiroiw  and  western  Asia,  esi>ecially  along  the  Volga  River. 
The  U'st  Knbankii  is  found  east  of  the  Volga,  on  the  border  of  the 
Kirghiz  Steppe.  It  is  alniut  the  <udy  variety  found  along  the  Sil>e- 
rian  Iiorder,  where  it  is  im])osstble  to  grow  any  ordinary  sort  Ix-caiise. 
of  drought,  and  is  grown  extensively  by  the  Tnrgai  and  Kirghis! 
I>eople.  The  rainfall  over  this  whole  i-egion  ofteii  does  not  exceed  10 
inches  per  ainitmi.  The  Kubanka  variety  matures  very  quickly,  an 
absolute  necessity  in  a  n'gion  where  the  niinfall  is  very  slight  and 
often  confined  to  a  snuill  part  of  tlie  year.  Because  it  is  drought- 
resistant  and  matures  early  it  is  now  iH'ing  grown  throughout  the 
Volga  territory  fnun  Kazan  to  the  Caspian  Sea  an<l  ea.'it  to  the 
Kirghiz  Stepiie  and  Turkestan.  It  is  a  macaroni  wheat,  and  takes 
its  name  from  Kuban  territory.  In  this  country  it  is  best  adapted 
for  the  norflieni  plains  region  as  far  south  as  Kansas. 

There  is  little  doubt  that  the  varieties  Kubanka  and  Padui,  in  some 
n'gions  at  least,  grow  on  soil  containing  considerable  stdt.  Both 
varieties  have  liemme  well  ada|>ted  to  the  region  just  north  of  the 
Caspian  Sea  ahuig  the  Volga  River.  Here  salt  abounds  in  great 
quantitias.     "West  of  the  Volga  and  about  100  miles  from  the  Caspian 
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Sea  is  a  great  salt  marsh  covering  a  considerable  area.  On  the  other 
side  of  the  river,  for  a  couple  of  hiindred  miles  along  its  course,  there 
are  both  salt  marshes  and  lakes.  The  great  Khaki  salt  marsh  along 
the  borders  of  the  Kirghiz  Steppe  covers  several  hundred  square 
mileij.  Northward  and  westward  fi-om  this  marsh  there  is  a  series 
of  small  salt  lakes,  the  largest  of  which  is  Elton  Salt  Lake.  It 
would  naturally  be  expected  that  in  a  region  with  such  extensive 
salt  marslies  and  lakes  the  arable  soil  would  likewise  contain  a  large 
proportion  of  salt. 

MARAUUANI. 

The  Maraouani  variety  of  durum  winter  wheat  ( Triticum  durum) 
has  been  grown  in  northern  Africa  probably  for  centuries.  As  far  as 
can  be  ascertained,  it  originated  there  and  has  long  been  one  of  the 
most  valuable  sorts  of  that  country.  The  seed  used  in  these  experi- 
ments came  directly  from  the  CheliJT  Valley,  an  arid  region  with 
very  little  rainfall,  in  the  western  part  of  Algeria.  The  wheat  land 
there  is  cultivated  for  the  most  part  without  irrigation.  The  soil  is 
largely  a  heavy  clay  loam,  and  probably  contains  in  nearly  all  sec- 
tions a  more  or  less  excessive  amount  of  readily  soluble  salts.  Mara- 
ouani  is  very  hardy,  is  resistant  to  rusts,  and  has  Ihe  reputation  of 
being  the  best  of  the  durum  wheats  now  grown  in  that  region.  In 
the  Department  of  Ornn  it  is  most  successful  when  sown  in  Novem- 
ber; it  then  matures  about  June.  It  is  thought  by  expert  cerealists 
that  this  variety  would  succeed  well  in  the  spring-wheat  regions  of 
the  northern  United  States  and  as  a  winter  wheat  ia  the  Southwest. 

HETHODS  OF  EXPEBIHBNTS. 

"VVlieat  seeds  are  small  compared  with  lupines,  beans,  pea,s,  etc., 
with  which  mast  of  the  work  of  other  exjKirinienters  has  been  done. 
The  rootlets  of  the  wheat  seedlings  are  so  small  that  at  fii-st  it  was 
feared  that  some  difficulty  would  be  experienced  in  marking  off  Ihe 
rapidly  gi-owing  zone  with  india  ink,  tlie  readiest  method  for  accu- 
rate determination  of  the  death  point.  In  view  of  this  difficulty  the 
work  was  begun  without  marking.  It  required  but  a  few  trials,  how- 
ever, to  prove  that  it  would  be  practically  impossible  to  obtain  satis- 
faetoiy  results  in  such  a  way.  Wheat  rootlets  have  a  hard  surface 
and  do  not  become  flaccid  in  salt  solutions  unless  these  are  of  a  con- 
centration much  beyond  the  foxic  limit,  in  which  case  the  roots  be- 
come yellow  and  the  cells  somewhat  broken  down.  However,  one 
or  two  attempts  at  marking  showed  that  with  a  little  practice  and 
care  this  could  be  effected  witliout  inflicting  any  injury.  By  ruptur- 
ing the  epidermis  very  slightly  a  sufficiently  conspicuous  mark,  which 
will  last  forty-eight  to  seventy-two  hours,  can  be  made  without  injury 
to  the  roots. 
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The  seeds  were  2)Ut  in  sphagiiiiiii  moss  finely  broken  up  and  ke{)t 
suificieiitly  moist  to  pi-eclude  lateral  ljiiinL-hin}r  or  ^uperflnous  devel- 
opment of  root  hairs.  They  germinate  readily  in  about  forty-eight 
to  seventj'-two  hours  at  an  ordinuiy  n)om  teinperatnre.  The  rootlets 
and  leaves  make  their  apjiearance  ahnost  at  the  same  time.  The 
numlier  of  roots  varies  with  the  variety,  but  in  usually  from  three  to 
f-even.  Three  is  the  average  nunilHjr,  five  is  rather  (ronnuon,  and 
seven  not  very  rare.  Only  one  root  of  eaoh  seedling  was  marked. 
The  initial  or  twntnil  one  was  always  preferred  when  otherwise  fit 
for  the  purpose.  However,  it  was  found  after  a  large  nnnd>er  of 
tests  that  the  central  one  was  most  likely  to  become  deformed  while 
in  the  sphagnum  moss,  the  ti{>s  becoming  enlarged  and  blunt,  in  which 
ca.so  the  root  soon  ceases  to  grow.  ^Vhen  this  happened  side  roots 
were  preferred  for  marking.  Rootlets  which  are  smooth  and  uniform 
in  thickness,  with  a  rather  sharp  jx)int,  are  most  vigoions  and  give 
best  results.  Only  experience  in  this  work  can  teach  one  which  of 
several  roots  is  preferable  for  marking.  The  seeds  were  taken  fi'oni 
the  moss,  marked,  and  transferred  quickly  to  the  solution.  Care  was 
taken  in  eveiy  way  pos.sible  to  avoid  change  of  conditions  during  the 
process  of  making.  These  details  will  be  discus.sed  more  fully  in 
another  part  of  this  paper. 

The  sohitions  during  the  period  of  exi>eriment  were  kept  in  the  l)esl 
nonsoluble  l>eakers  that  could  Ihj  obtained,  each  l>eing  large  enough 
(o  hold  about  300  c.  c.  After  the  solutions  had  been  used  once  or 
twice"  the  glnssware  was  thoroughly  rinsed  in  distilled  water  before 
being  used  for  the  next  test.  Nearly  every  other  day  the  beakers  were 
thoroughly  sterilized  by  boiling  in  distilled  water.  The  beaker 
used  is  about  fij  cm.  wide  at  the  mouth,  and  was  closed  by  a  tight- 
fitting  cork  about  1  cm.  in  thickness.  P^ach  cork  was  perforated, 
and  into  the  holes  five  small  glass  rods  were  inserted,  bent  at  one 
end,  and  drawn  to  a  sharp  point.  The  rods  were  inserted  with  their 
hooked  points  on  the  inner  side  of  the  cork,  and  uptm  each  :i  single 
seed  was  placed.  The  rods,  as  well  as  the  corks,  fit  tightly  and  thus 
prevent  any  imi»ortant  amount  of  evai)o[ation  frojn  the  solution. 
They  are  free  enough,  however,  to  permit  of  the  rods  l>eing  raised  or 
lowered  in  or  out  of  the  solution  as  occasion  may  demand.  In  no 
case  were  the  glass  rods  allowed  to  come  in  contact  with  the  solution. 

Normal  sohitions,  made  with  Merck's  best  chemically  pure  salts, 
were  prepared  under  the  supervision  of  Dr.  F.  K.  Camei-on,  of  the 
Bureau  of  Soils  of  the  Department  of  Agriculture.     From  the  nor- 

"  Careful  titrntlon  showed  no  appreclnble  cbnnire  In  the  (iiiifentratlon  of  the 
solution  after  several  Boedlings  had  been  kept  In  It  for  twenty-four  hours,  or 
tieii  when  the  same  volume  was  used  during  a  second  period  of  twenty-four 
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mill  solutions  stock  solntioiis  were  made  up  by  dilution,  and  were 
kept  for  use  aa  i-eqnired.  The  solutions  actually  used  in  the  experi- 
ments were  made  from  the  Mtock  solutions  by  diluting  with  distilled 
water.  It  might  seem  at  first  that  two  successive  dilutions  would 
permit  of  an  error.  This,  however,  has  been  avoided  in  the  case 
of  chlorids  and  carbonates  by  titrating  each  stock  solution  before 
using.  The  concentration  of  the  solutions  of  sulphates  was  fre- 
quently verified  by  analysis  in  the  Bureau  of  Soils.  Sodium  car- 
bonate and  sodium  bicarbonate  were  both  titrated  against  N/20 
hydrogen  potassium  sulphate,  using  methyl  orange  as  an  indicator. 
In  the  case  of  the  bicarbonate  solutions  it  was  necessary  to  charge 
them  with  an  excess  of  carbon  dio.\i«l  to  prevent  their  becoming 
nlkaline.  The  nonalkalinity  of  the  bicarbonate  solutions  was  often 
tested  by  the  addition  of  a  drop  of  alcoholic  phonolphthalein,  which 
would  indicate  the  presence  of  alkalis  by  forming  the  well-known  red 
color.  Sodium  chlorid  and  magnesium  chlorid  were  titrated  against 
X/10  of  silver  nitrate.  Whenever,  upon  titration,  any  stock  solu- 
tion was  found  to  be  either  too  dilute  or  too  concentrated,  it  was  cor- 
rected by  the  addition  of  more  of  the  normal  solution  or  by  further 
dilution  with  distilled  water.  The  water  used  in  these  experiments 
was  distilled  in  the  Laljoratoiy  of  Plant  Pathology,  and  near  the 
close  of  the  work  was  found  by  analysis  in  the  Bureau  of  Chemistry 
to  contain  some  slight  amount  of  a  toxic  substance.  That  this  was 
for  all  practical  puqjoses  neutralized  and  played  no  part  in  the 
toxic  action  of  the  solutions  used  is  demonstrated  in  the  fuller  dis- 
cussion of  this  point  on  page  39  of  this  paper. 

All  seeds  for  these  experiments  were  germinated  in  sphagnum  moss. 
After  being  finely  broken  up  the  moss  was  placed  in  a  bucket  and 
kept  sufficiently  moist  for  seed  germination.  It  was  found  that  the 
seedlings  were  injured  if  kept  too  moist,  the  roots  showing  an  en- 
largement at  the  apex,  developing  into  a  very  blunt  tip,  and  when 
affected  in  this  way  they  usually  stopped  growing  and  new  roots  were 
put  forth.  The  initial  radicle  was  more  easily  affected  in  this  way. 
Only  seedlings  having  healthy  and  vigorous  rootlets  were  used  in  the 
experiments.  Tlie  seeds  were  first  soaked  in  hy<lrant  water  from  fonr 
to  six  hours  before  iK'ing  placed  in  the  sphagmim  mo&s.  After  al>out 
three  days  in  the  temperature  of  an  ordinary  room  they  were  ready 
for  use.  They  were  most  easily  manipulated  when  the  radicles  were 
from  three  to  four  centimeters  long.  The  root  itself  might  well  be 
longer,  hut  the  apical  bud  appears  almost  at  the  same  time  as  the  root, 
and  when  more  than  one  or  two  centimeters  long  interferes  with  easy 
adjustment  in  the  beakers.  It  was  sometimes  necessary  to  pinch  off 
the  ends  of  the  leaves,  a  practice  which  in  no  way  interfered  with  the 
development  of  the  rootlets.  lATien  the  radicles  had  reached  the 
length  mentioned  above,  the  seedlings  were  taken  out  of  the  sphag- 
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num  and  placed  in  beakers  contniniiig  the  solution,  the  tips  of  the 
roots  being  immersed  in  the  liquid.  One  rootlet  of  each  seedling  was 
marked  with  india  ink  15  mm.  from  the  npex,  which  should  include 
practically  all  of  the  rapidly  gi'owing  zone.  The  amount  of  elonga- 
tion during  a  given  period  could  thus  be  determined,  and  this  is  the 
best  means  of  knowing  whether  the  root  has  been  actually  killed. 
Unless  the  concentration  of  the  solution  be  far  above  the  toxic  limit 
the  root  does  not  become  flaccid,  as  is  the  case  with  lupines  and  some 
other  seedlings.  After  the  roots  were  marked  with  india  ink  the  seeds 
were  carefully  hooked  on  to  the  glass  rods  prejjared  for  that  purpose. 
As  muph  of  the  root  was  immersed  in  the  solution  as  was  possible 
without  allowing  the  seeds  or  rods  to  come  in  contact  with  the  liquid. 
In  all  cases  the  entire  length  of  the  marked  zone  was  immersed.  The 
length  of  the  portion  of  the  root  in  the  solution  depended,  of  course, 
upon  the  total  length  of  the  root.  It  might  at  fii'st  glance  seem  that  a 
variation  in  this  respect  could  affect  the  I'esult  of  the  experiment,  some 
roots  having  a  larger  surface  cxi>osed  to  the  solution  than  others ;  but 
it  is  believed  that  the  large  number  of  seedlings  used  in  each  experi- 
ment practically  eliminated  this  source  of  error. 

All  cultures  wei-e  left  in  the  solution  twenty-four  hoiifs,  when  they 
were  taken  up  and  the  amount  of  elongation  of  the  marked  portion  of 
the  root  was  measured  and  recorded.  They  were  then  transferred  to 
a  beaker  containing  hydrant  water  and  allowed  to  remain  there  for 
another  twenty-four  hours,  when  they  were  taken  up  and  the  elonga- 
tion again  measured.  The  radicles  which  made  an  additional  growth 
the  second  twenty-four  hours  in  the  hydrant  water  over  the  growth  in 
the  first  twenty-four  hours  in  the  salt  solution  were  considered  to  have 
survived  in  the  solution  and  wei-e  thus  recorded.  Those  making  no 
additional  growth  the  second  twenty-four  hours  were  considered  dead 
and  recorded  in  this  way.  Coupin  and  others  have  intimated  that 
twenty-four  hours  is  not  sufficient  to  kill  the,  plant.  This  objection  is 
set  aside  by  the  consideration  that  only  the  death  of  the  apex  of  the 
root  is  regarded  in  these  experiments  and  not  the  point  at  which  the 
whole  plant  succumbs.  The  object  of  this  work  is  merely  one  of  com- 
parison of  the  effect  of  a  solution  of  given  eoncentration,  during  a 
definite  period  of  time,  upon  different  varieties.  Whether  this  effect 
is  expressed  in  the  death  of  the  whole  plant  or  only  that  of  a  single 
organ  is  immaterial. 

Control  experiments  were  carried  on  every  day,  one  in  hydrant 
water  and  one  in  distilled  water,  both  under  conditions  identical 
with  those  in  the  salt  solutions.  The  results  in  hydrant  water  have 
been  imiform  from  day  to  day  and  in  only  a  few  cases  were  they 
proved  unsatisfactory.  In  such  cases  the  whole  series  was  discarded, 
the  inference  being  that  some  unfavorable  condition  {of  temperature, 
for  example)  had  interfered. 
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A  word  as  to  the  toiiditioiis  of  illuniiiintion  and  tcmj>erntiiro  during 
tile  experiments  will  iiot  be  ont  of  place  at  this  point.  "Wiien  in 
solutions  the  roots  were  exposetl  to  the  light  during  the  day.  When 
in  tlie  salt  solutions  during  the  first  2i  hours  they  were  kept  on  a 
shelf  in  the  i-ear  of  a  room  with  noi-thern  exposure  only.  When  in 
hydrant  water  during  the  second  2+  hours  they  wei-e  kppt  on  a  table 
at  the  window,  under  a  moderately  strong  light.  Preliminary  exijeri- 
uiButs  were  nmde  when  counueucing  the  work  witli  lupines,  ivhidi 
showed  thnt  the  sti-ength  of  the  light,  at  least  within  the  limits  in- 
volved in  thewe  e.xperiments,  had  no  influence  on  the  growth  of  the 
roots.  Of  thi-ee  series  of  cultuitjs,  all  in  a  solution  of  the  same  salt 
at  the  same  concentration,  one  was  placed  in  total  darkness,  another 
in  subdued  light,  and  a  third  in  bright  light.  Otherwise  they  were 
under  the  same  conditions.  The  elongation  of  the  roots  was  meas- 
ured Ht  the  end  of  24  hours  and  there  was  no  appreciable  difference 
in  the  three  sets  of  cidtm-es. 

It  was  impossible  to  keep  a  uniform  temperature  in  the  laboratory 
during  the  winter  months,  though  this  factor  did  not  vary  enough 
in  either  direction  to  cause  any  injury  in  germination  or  to  the  roots 
in  the  solution.  A  thermograph  was  kept  running  in  the  room,  and 
a  review  of  the  records  shows  no  temperature  below  18°  or  above 
S0°  C.  The  average  temperature  during  the  experiments  was  altout 
23"  C.  When  making  the  experiments  with  illumination  referred  to 
above,  similar  ones  were  made  to  detennine  the  influence  of  temjwra- 
ture  upon  the  roots.  The  three  different  series  of  cultui-es  (all  in 
the  same  salt  sohition,  at  the  same  concentration)  were  exposed  for 
2i  hours  to  temperatures  of  10°,  20°,  and  30°  C,  respectively. 
Results  showed  that  the  roots  that  had  been  exposed  to  a  temperature 
of  20°  and  30°  C.  showed  about  the  same  elongation,  while  the  elonga- 
tion in  a  temjwrature  of  10°  C.  was  somewhat  less. 

All  solutions  were  made  with  water  distilled  from  ordinary  hydrant 
water.  The  receiver  of  the  still  is  a  porcelain  tub  and  has  been  used 
for  several  years  in  the  Laboratory  of  Plant  Pathology  of  the  Itureau 
of  Plant  Industry.  At  times  tlie  distilled  water  may  have  contained 
some  slight  traces  of  ammonia  and  doubtless  some  other  impurities. 
An  analysis  of  the  water  was  made  in  tlie  Bui'eau  of  Chemistry,  and  it 
was  found  to  contain,  in  parts  per  million — 

Zinc Tnica 

Free  juniuonla *'■  1-"' 

Alliiiiuliioirts   .014 

Nitniti-H None. 

Nltrllco Faint  traces. 

Total  solldn  (coiwlHtlTis  of  pnlchim.  HOdliiiii,  curl  mil  ates,  sul- 
phates, iinil  ctilorEils) 7.4 

A  further  discussion  of  the  water  used  will  be  found  on  page  39. 
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SCETHOD  OF  ESTABUBHING  THE  TOXIC  LIMITS. 

Before  going  into  details  of  th?  results  obtained  in  the  simple 
solutions,  the  methods  of  determining  the  limits  of  endurance,  of  each 
variety  to  each  salt  will  be  explained.  At  one  time  the  writer  had 
thought  of  fixing  the  limit  of  endurance  in  toxic  salt  Bolutions  at  the 
concentration  in  which  none  of  the  marked  radicles  would  survive  at 
the  end  of  twenty-four  hours.  A  few  experiments,  however,  showed 
that  this  was  not  the  pr<ii>er  method,  for  occasionally  one  of  the  root- 
lets would  he  sound  and  hciilthy  at  the  end  of  twenty-four  hours  in  a 
(wnwnitration  far  almve  that  which  would  permit  the  roots  of  a 
majority  of  the  plants  to  survive.  In  other  words,  individual  varia- 
tion plays  such  an  important  part  that  the  strength  of  a  s<ihition 
which  wouhl  jxTmit  no  nM>t  tips  to  survive  would  Ix*  far  above  that 
repH'senting  the  limit  of  euduram-e  for  the  variety  as  a  whole. 
Attention  is  thus  once  more  directed  to  the  fact  that  results  obtained 
from  a  few  individuals  are  as  a  rule  very  inaccurate  and  unreliable. 
The  characters  of  a  variety  (and  resistance  to  toxic  effects  is  one  of  its 
characters)  ai-e  the  mean  of  those  oi  the  whole  numlN>r  of  individuals 
c(>mi>»sing  it.  Of  course  all  the  individuals  of  a  variety  can  not  !» 
examined,  hut  the  numlKT  of  seedlings  experimente<l  with  should 
Iw  large  enough  to  overcome  the  effect  of  marke<l  individual  varia- 
tion. Tt  was  this  consideration  that  urged  the  writer  to  make  such 
a  large  nunil)er  of  tests.  On  the  other  hand,  a  concentration  which 
would  just  permit  all  root  tips  to  survive  would  not  represent  the 
general  limit  for  the  variety  l)ecause  of  those  few  individuals  which 
are  far  inferior  to  the  average  in  their  ability  to  resist  toxic  salt 
solutions.  The  limit  of  endurance  for  the  mean  of  the  largest  pos- 
sible nuuilwr  of  individuals  is  the  end  sought. 

After  consideration,  it  seemed  that  the  most  perfect  idea  of  the 
limit  for  each  variety  could  1»  obtained  by  taking  the  concentration 
in  which  about  half  the  seeds  survived  and  al>nut  half  die<l.  For 
instance,  if  CO  see<ls  were  tested  in  a  0.01  normal  solution  of  magne- 
sium sulphate  and  JiO  survived  and  SO  died,  the  toxic  limit  would  bo 
represented  by  that  concentration.  Of  course  it  was  seldom  i>ossiblo 
to  secure  such  an  equal  division,  but  a  slight  excess  one  way  or  the 
other  would  not  materially  alter  the  results.  In  i)ractic<^  it  was, 
furthermore,  often  found  exjiedieut  to  take  the  mean  of  the  concen- 
trations actually  tested  as  representing  the  toxic  limit. 

To  illustrate:  The  roots  were  often  found  dead  in  a  0.01  normal 
solution  of  magnesium  chlorid,  and  alive  in  a  0.0075  normal.  The 
approxinmte  toxic  limit  was  fixed  at  the  concentration  intermediate 
iK'twwn  these  two,  although  no  solutions  intermediate  in  concentra- 
tion U'tween  O.Ol  and  0.0OT5  of  a  normal  solution  were  actually 
made  up, 
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The  writer  does  not  claim  that  the  limits  thus  fixed  are  absolute, 
but  he  believes  that  further  experiments  would  change  them  very 
little.  To  obtain  absolutely  exact  results  it  would  be  necessary  to 
employ  an  indefinite  number  of  solutions  of  intermediate  concentra- 
tion, and  to  make  tests  with  a  very  large  number  of  seedlings.  The 
results  recorded  here,  it  is  safe  to  assume,  will  answer  all  practical 
purposes.  The  different  sfrmigths  of  solution  of  the  same  salt  dif- 
fered from  each  other  by  0.005  of  a  normal  solution  for  sodium 
chlorid,  sodium  sulphate,  and  sodium  bicarbonate,  and  by  0.0025  of 
a  normal  solution  for  sodium  carbonate,  magnesium  sulphate,  and 
magnesium  chlorid.  That  is  to  say,  exi)eriments  were  made  with 
solutions  of  a  concentration  of  0,015,  0.01,  O.OOS,  etc.,  for  sodi^im 
chlorid,  sodium  sulphate,  kikI  sodium  bicarbonate,  and  of  a  concen- 
tration of  0.01,  0.007.'),  0.002.5,  etc.,  for  magnesium  chlorid,  magne-. 
sinm  sulphate,  and  sodium  carbonate,  intermediate  concentrations 
l)eing  disregarded  in  practice. 

As  mentioned  earlier  in  this  paper,  the  death  point  was  determined 
largely  by  the  elongation  of  the  roots  lieyond  the  jxiint  15  mm.  from 
the  tip,  marked  off  by  india  ink.  If  the  roots  showed  no  additional 
elongation  the  second  24  hours  in  hydrant  water,  they  were  considered 
de^d.  Ill  some  cases,  however,  it  haw  l)een  possible  to  determine  this 
jxiint  by  other  means. 

In  the  case  of  the  two  magnesium  salts  a  solution  of  a  concentra- 
tion considerably  »1h>vc  the  limit  blackens  alx)nt  1  or  2  millimeters 
of  the  root  tip,  and  often  causes  the  end  of  the  root  to  Itend  in  the 
shape  of  a  hook.  An  appearance  of  this  kind  is  conclusive  evidence 
that  the  solution  is  much  too  concentrated.  lioth  sodium  carbonate 
and  sodium  bicnrlmnate  in  very  strong  solution  cause  a  yellowing 
of  the  whole  iKKly  of  the  root  in  the  solution,  and  more  or  less  loss 
of  turgor,  due,  doubtless,  to  plasmolysis.  It  is  very  seldom  that 
rootlets  which  show  that  condition  at  the  end  of  twenty-four  hours 
in  the  solution  will  revive  when  placed  in  hydrant  water. 

To  make  the  results  herein  contained  exactly  comparable  with  those 
furnished  by  Kearnej'  and  Cameron  from  their  studies  on  lupiiies, 
the  toxic  limits  are  given  in  this  paper  both  in  fractions  of  a 
normal  solution  and  in  parts  of  salt  per  100,000  of  solution.  In 
addition,  the  mean  of  the  limits  of  all  the  varieties  is  given  under 
each  salt,  so  that  a  glance  will  show  how  much  above  or  below  this 
))oint  any  particular  variety  may  be  in  regard  to  each  salt  used. 

The  salts  have  liecn  found  harmful  in  pure  solutions  in  alwut  the 
order  in  which  they  follow  each  other  in  the  succtvding  part  of  this 
rei>ort — that  is,  sodium  sulphate  is  less  harmful  than  .sodium  chlorid 
when  Ixith  aiv  in  Hjuivalent  concentration,  and  magnesium  sulphate 
is  more  harmful  than  soditnii  bicarl>unate  when  in  the  same  pru- 
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portion.  A  concentration  of  0.0075  normal  magnesium  sulpliate 
usually  produces  about  the  same  effect  as  0.025  sodium  bicarlmnate. 
Therefore  one  would  say  that  magnesium  sulphate  is  three  times  as 
injuriou.s  as  sodium  bicarbonate  when  in  equivalent  concentration. 

KESVLTS  OF  EXPEBIMEirrS. 

RESTTI.Ta    WITH    MAGNEBIUSI   HDLPRATE. 

The  results  obtained  for  the  different,  varieties  with  pure  solutions 
of  magnesium  sulphate  are  shown  by  the  following  table: 


'  Maxiroam  limit  ot  1 

Name  of  <»he«t  variety.        p,rtfl«r 
JBolntlon. 

Frsctlonal 

part  ■>(  a 

aotrrs 

.0075 

.am 

.01 
.005 

Zimmernmn - j           4S 

Knbanka « 

Tiirko)- - — ..            K 

Prenton ,           K 

AversKB  (or  all  varieties- .            40 

.mm 

A  glance  nt  the  above  table  is  sufficient  to  show  the  considerable 
difference  l)etween  the  varieties  in  their  ability  to  resist  the  toxic 
influence  of  magne.sium  sulphate.  The  least  resistant  of  all  the 
varielie.s  are  Chul  and  Preston,  of  which  about  half  the  seedlings  sur- 
vived in  a  0.005  normal  solution,  Coiitrasteil  to  these  are  the  two 
mast  resistant  ones,  viz.  Budaix-st  and  Turkey,  surviving  equally  well 
in  a  solution  twice  as  concentrated. 

A  comparison  of  these  i-esults  with  wheat  with  those  obtained  by 
Kearney  ami  Cameron  using  Lupiniia  albvn  with  the  same  salt  will 
show  the  great  diversity  between  these  two  plants.  The  toxic  limit 
for  lupines  in  a  pure  solution  was  found  to  be  0.0012.')  of  a  normal 
solution.  Accepting  the  results  shown  by  these  figures,  magnesium 
sulphate  is  four  times  as  toxic  to  lupines  as  it  is  to  the  Chul  and  Pres- 
ton wheats,  and  eight  times  as  toxic  as  for  the  Budapest  and  Turkey 
varieties.  It  may  l>e  said  in  this  connection  that  from  experiments 
made  by  Kearney"  with  maize  there  is  reason  to  believe  that  the 
Gramijiete  as  a  family  are  innch  loss  sensitive  to  the  effect  of  magne- 
sium salts  than  the  Ijeguminosa\  Magnesium  sulphate  has  been 
found  in  the  course  of  these  exi^eriments  with  wheat  to  be  on  an 
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nvorage  much  the  most  toxic  of  the  salts  used.  It  was  the  most  injuri- 
ous in  every  case  exL-ept  in  two  instances,  in  one  of  which  sodium 
carbonate  anil  in  the  other  magiiewiiim  chlorid  proved  more  toxic. 
It  required  a  solution  of  magnesium  sulphate  twice  as  coneentrftte<l 
as  that  of  sodium  carbonate  to  be  equally  toxic  to  the  Budapest 
variety,  the  limits  in  this  case  being  0.01  normal  magnesium  sulphate 
and  O.OO.I  normal  sodium  carbonate.  The  other  instance  referred  to 
is  not  so  markoil.  Magnesium  chlopid  is  found  to  be  simiewhat  more 
toxic  thnn  magnesium  sidphate  for  one  variety — Turkey — the  limits 
l)eing  for  magnesium  chlorid  O.OOT.'i  normal  and  for  magnesium 
sulphate  0.01  normal. 

Comparing  the  average  toxic  limit  for  each  salt,  as  stated  in  the 
tables  that  follow,  magnesium  sulphat«  is  one  and  two-sevenths  times 
as  injurious  as  miignesium  chlorid,  one  and  three-sevenths  times  as 
injurious  as  sodium  cnrlMtnute.  thn-e  and  five-seventlis  times  as  inju- 
rious as  sotlium  bicarlxHiate,  little  more  than  six  times  us  toxic  as 
sodium  sul|)hate.  and  seven  and  five-sevenths  times  as  injurious  as 
sodium  chlorid. 

Magnesium  sulphate  in  the  soil  is  not  considered  injurious  to  any 
appreciable  extent,  but  tills  is  no  doubt  due  to  the  neutrnlizing  effect 
of  other  salts  with  which  it  is  associated.  Kearney  and  Cameron, 
in  their  exixrinieiits  on  Liipinun  iilliun  and  J/f(firatfo  natii'n,  found 
magnesium  sulphate  in  pure  solutions  to  l>e  the  most  toxic  of  all  the 
salts.  Tlio  \vrit<'r  found  the  same  true  for  the  lupines.  But  when 
other  sails  are  added  to  ii  solution  of  magnesium  sulphate,  to.xicity, 
both  alisolute  aud  relative,  is  altered.     Kearney  and  Cameron  ■  say: 

AiliUtloii  of  KinUiuii  HulplinlP,  wliifli  Usflf  Ih  injiirltms  hi  pure  solution,  milieu 
tlie  limit  of  miiKiieKliiin  Kut|iiiiite  tliivo  tiiiieH.  wlille  the  prespiire  of  cnlciuiii  sul- 
[ilintp  nllowM  :i  wiiiill  |iroiM»-ti<>n  of  thp  roots  to  Imrply  survive  diirliiK  twenty- 
four  hours  111  a  wilution  of  magnpshiui  Hiilpliiite  4S'I  times  ns  concent rntwl  hs 
tliiit  wlih-li  III  imre  Hiiiutloiis  ri>iiresctitn  the  limits  of  enCiirnnce. 

To  lower  classes  of  plant  life  magnesium  sulphate  is  apparently 
much  less  toxic.  Dr.  B.  M.  Diiggar*  has  made  some  exixrinients 
with  marine  alga'  to  detonnine  the  nutrient  value  of  the  salts  of  some 
of  the  alkalis  aud  alkali  earths  when  added  to  sea  water.  He  found 
that  after  the  acids  and  some  of  the  salts  of  the  heavy  metals  the 
potassium  phosphates  proved  most  toxic.  The  least  toxic  were  the 
salts  of  sodium  and  magnesium,  while  the  sulphate  of  magnesium 
was  the  leiist  injurious  of  all  the  salts  used.     The  less  injurious  effect 
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of  the  magnesium  salts  is  probably  (hie  to  the  presence  of  neutraliz- 
ing saltK  in  the  sea  water  to  which  he  added  the  magnesium  com- 
pounds, although  we  are  not  yet  in  a  position  to  say  that  magnesium 
may  not  be  far  less  toxic  to  the  Alga;  than  to  the  Leguminostc  or 
(iramineee. 

To  show  the  relative  toxic  ofFect  of  magnesium  sulphate  to  some 
of  the  otiier  salts,  TjOow  "  has  macle  some  interesting  observations,  and 
statt's  that  Spirogyra  died  within  four  or  five  days  in  a  l-per-mille 
solution  of  magnesinm  sulphate,  hut  remained  alive  for  a  long  time 
in  corresponding  solutions  of  tlie  sul]>hates  of  s<Klium,  potassium,  and 
calcium.  Upon  Ihe  roots  of  sonm  higher  plants  the  same  investiga- 
tor made  similar  ohservalions,  and  says  that  Vicia  and  Pisnm  do  not 
start  lateral  roots  when  kept  in  a  solution  of  0.5  per  cent  of  mag- 
nesium sulphate  or  nitrate,  and  the  root  cap  and  epidermal  cells  die 
after  a  few  days.  Seedlings  of  Phaseolus  placed  in  a  solution  of  0.1 
[jer  cent  magnesinm  sulphate  with  0.1  per  cent  of  monopotassium 
phosphate  showed  injury  to  the  roots  after  five  days,  and  the  entire 
plant  su<runii>ed  so*m  afterwards. 

Conpin  "  found  during  the  course  of  some  experiments  with  wheat 
that  magnesium  chlorid  was  more  toxic  than  magnesium  sulphate. 
He  e;ives  the  limit  for  magnesium  sidphate  at  1  per  cent  and  for  mag- 
nesium chlorid  at  O.S  per  cent. 


BESTH.TS  WITH  MAONESITTM 


The  following  table  shows  the  results  obtained  for  the  ditferent 
varieties  with  pure  solutions  of  magnesium  chlorid : 


Hnxiinum-llmil 


Fractiuiuil 


fl'lhi'  I-li.v«ioli>Bicii1  [t"1o  of  .Mineral  Nutrients  in  rinnla.  Bill.  iT,.  Itnmui  of 
riant  Imlustry,  I'.  S.  npimrtmeiit  of  ARrlcuItnre  (10(i:i). 

*  Stir  In  TiisicitO  iln  Clilorure  lie  Soillnm  et  de  VK»u  ile  Mer  n  I'EgnnI  di-s 
\7-K>'-tuux.     Iteviie  UOnOrule  de  Botuuique,  10: 1U8  (lUSS). 
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Magnesium  chlorid,  like  the  sulphate,  seldom  occurs  alone  in  nature 
in  sufficient  quantity  to  be  of  very  great  consequence.  It  is  nearly, 
if  not  always,  associated  in  the  soil  with  some  other  salts,  such  as 
those  of  sodium  and  calcium,  which  tend  to  neutralize  its  effect  upon 
plants.  In  thetse  experiments  with  wheat,  as  in  those  with  lupines, 
it  was  found  to  rank  next  to  magnesium  sulphate  as  a  toxic  agent 
when  in  i)ure  solutions. 

The  average  limit  of  concentration  of  magnesium  chlorid  for 
wheat  seedlings  is  0.00931  of  a  normal  solution,  as  against  0.00736 
for  magnesium  sulphate.  Again,  referring  to  Kearney  and  Camer- 
on^s  results  with  the  same  salts  for  lupines,  we  find  some  variations. 
As  is  easily  seen  with  the  writer's  re.'iults  with  wheat,  magnesium  sul- 
phate is  only  about  one-third  more  toxic  than  magnesium  chlorid, 
while  Kearney  and  Cameron's  re-sults  show  the  sulphHt«  twice  as 
toxic  as  the  chlorid.  The  investigators  named  found  the  roots  of 
lupines  to  barely  survive  in  0.0025  of  a  normal  solution  of  mag- 
nesium chlorid,  while  Kearney  showed  that  Z.ea  tnayii  would  live  in 
a  solution  a  little  more  than  thirty  times  as  concentrated.  Magne- 
sium chlorid  is  twice  as  toxic  to  the  white  lupine  as  to  the  lea.st 
resistant  variety  of  wheat  tested,  and  six  times  as  toxic  to  the  lupine 
as  to  the  most  resistant  variety  of  wheat.  It  is  a  surprising  fact  that 
some  varieties  of  wheat  are  six  times  as  resistant  and  that  mai?^  is 
thirty  times  as  resistant  to  this  salt  as  Lupinus  albiii. 

It  will  l>e  seen  that  the  variation  of  the  wheat  varieties  among 
themselves  is  more  pronounced  in  the  chlorid  than  in  the  sulphate. 
AVliile  the  toxic  limit  for  the  lea-st  resistant  of  the  varieties  is  the 
same  (O.OCi  of  a  normal  solution)  for  the  two  salts,  that  of  the  most 
resistant  variety  (0.015  normal)  is  much  higher  in  magnesium  chlorid 
than  in  the  sulphate.  The  ratio  of  variation  l>etween  the  two  ex- 
tremes of  resistance  with  magnesium  sulphate  Avas  2  to  1,  as  against 
3  to  1  with  tlie  clxlorid. 
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[    BODIUM    CAKBONATE. 


The  following  taltle  gives  the  results  with  pure  sohitions  of  sodium 
carbonate ; 


Name  of  wheat  TOrtety. 

""ass*°'| 

sE 

Pr»ctlon«l 
.OIS 

.oom 

.OIS 

.IMt 

.om 

_  :S 

.nio» 

Zimmerman 

66 

« 

at 

n 

41 

ea 

K 

B7 

Average  for  all  TarletlRa. . 

The  results  sliown  by  the  above  table  are  not  materially  different 
from  those  with  magnesium  chlorid.  Sodium  carbonate  in  pure 
sohitions  is  slightly  less  harmful,  as  shown  by  the  comparison  of  the 
average  of  all  the  varieties,  being  in  the  case  of  magnesium  chlorid 
0.00!)3  and  for  sodium  carbonate  O.OIO!)  of  a  normal  solution.  The 
extremes  in  both  cases  are  the  same,  though  there  are  two  varieties 
with  a  resistance  of  0.015  for  sodium  carbonate  as  against  one  for 
magnesium  chlorid.  Five  varieties  in  the  case  of  sodium  carbonate 
have  a  resistance  above  the  average  as  against  four  in  the  case  of 
magnesium  chlorid.  One  variety  alone,  BudapeM.  has  a  resistance 
of  only  0.005  as  against  two  for  magnesium  chlorid. 

Of  the  three  salts  so  far  described,  sodium  carbonate  is  in  the  soil 
generally  tlie  most  harmful,  (1)  because  in  excessive  quantity  it  is 
more  widely  distributed,  and  (2)  because  it  is  less  easily  neutralized 
by  other  salts  with  which  it  is  usually  associated. 

The  opinions  of  experimenters  differ  considerably  as  to  the  rela- 
tive toxic  effect  of  this  salt.  Kearney  and  Cameron  showed  that,  in 
the  case  of  Luplnm  nlhus  at  least,  sodium  carbonate  is  but  little 
more  injurious  than  sodium  sulphate,  the  toxic  limit  in  each  case 
lieing  0.005  and  0.0075  of  a  normal  solution,  respectively.  It  will  be 
seen  that  the  limit  for  the  lupine  obtained  by  them  with  sodium  car- 
bonate is  the  same  as  the  resistance  for  Budapest  wheat,  but  only 
one-third  of  that  for  the  Turkey  and  Kharkof  varieties.  The  limit 
of  concentration  for  the  lupine,  as  shown  by  their  report,  is  al>out 
equivalent  to  one-half  of  the  average  for  the  several  wheat  varieties, 
in  the  same  salt  solution.  Kearney  found  Zea  mnijs  to  survive  in 
the  same  salt  at  a  concentration  three  times  as  great  as  that  repre- 
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sonting  the  limit  for  the  hipine,  and  equal  to  that  for  the  most  i-esist- 
aiit  varieties  of  wheat. 

Coupin"  found  the  toxic  limit  of  wheat  in  sodium  carbonate  to  be 
about  1.1  per  cent.  In  view  of  the  fact,  however,  that  he  noted  the 
death  of  the  whole  plant  and  not  the  root  tips,  the  limit  of  concen- 
tration as  tleterminetl  by  him  wotdd  necessarily  be  much  higher. 


REStH.TS  WITH  SODIUM 


The  limits  in  pure  solutions  of  sodium  bicarbonate  are  shown  i 
the  following  ttible : 


Nome  ot  wheat  Tsrietf . 

Haiimum  limit  of 

fat 

351 

an 
ax 
38n 

aw 
a» 

FncUonsI 

o.os 

.08 

.am 

.(» 

Bnd»p«it 

^,™„  ,.„„„«.»... 

Of  all  the  salts  used  sodium  bicarbonate  seems  to  bring  out  the  least 
variation  in  resistance  so  far  as  these  experiments  are  concerned.  The 
least  resistant  variety  was  Maraouani  and  the  most  i-esistant  Kharkof. 
which  were  able  to  survive  in  a  0,0225  and  0.0.S  normal  solution, 
respectively.  The-se  results  do  not  ditler  to  an  important  extent  from 
those  of  Kearney  and  Cameron  for  Lupinun  alhiis,  the  toxic  limit  of 
which  was  slightly  lower  (0,02)  than  that  for  Maraouani  wheat. 

The  writer  finds  sodium  carbonate  to  be  about  two  and  six-tenths 
times  as  tnjiirious  to  wheat  when  in  equivalent  concentration  as 
,sodium  bicarbonate.  Kearney  found  the  difference  to  be  even  greater 
in  the  case  of  maize,  the  ratio  lieing  about  +  to  1.  Coupin  *  reverws 
the  relative  toxic  order  of  these  two  salts.     This  difference  in  the 

o  Siir  In  Tosicitp  liu  t'lilonire  iIp  Sodium  ct  ile  I'EaH  lie  Mer  ft  rEminl  lies 
Vfftf-tnux.     Itevup  GC'iU'nile  de  Botaiilqiie,  10: 180  <1898). 

A  Hur  III  Toxlcitf'  dex  Conipi»>^  de  PotnsNliun  et  de  rAmnionUun  n  I'Eeiird  tipn 
vegt'ttuuc  SuKTii'urs.    lEovm;  OOuemle  de  Botuuitjue,  IS;  180  (1900). 
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ciiteiioii  of  toxic  aetiuii.  i,  e.,  the  death  of  the  whole  plant  rather  than 
of  the  root  tip  alone,  slioiild  not  affect  the  relative  toxic  influence  of 
the  two  salts.  Coupin's  results  showed  that  it  re<inired  a  1.1  i>er  cent 
solution  of  sodium  carbonate  to  kill  wheat  seedlings,  while  only  0.f> 
[KT  cent  was  necessary  to  jjroduce  the  same  effect  when  sodium  bicar- 
bonate was  employed. 

As  to  the  i-elative  toxic  order  of  the  carl>onatc  and  bicarl>onate,  the 
ii-sults  recorded  agree  quite  well  with  those  of  Sigmund,"  who  found 
tliat  wlieat  development  was  retarded  and  genninating  yeeds  of  vetch 
aiul  rape  were  killed  in  a  0.5  per  c*uit  solution  of  sodium  cai'boiiatc, 
while  t}ie  same  concentration  of  sodium  bicarbonate  was  quite  harm- 
less. 

Kearney  and  Cameron  found  sofliuni  bicarbonate  somewhat  less 
toxic  tlian  sodium  chlorid  for  the  lupine,  and,  further,  that  a  0.02 
normal  solution  of  sodium  bicarbonate  permits  plants  to  survive  in 
nuich  Iwtter  condition  than  in  the  corresjwnding  concentration  of  the 
chloi-id.  Kearney  has  also  shown  by  experiments  that  the  bicar- 
bonate is  less  toxic  to  maize  than  is  sodium  chlorid,  the  death  point 
for  the  bicarbonate  being  established  at  0.05  and  for  the  chlorid  at 
0.04  of  a  normal  solution. 

In  view  of  all  these  differencei?  it  will  he  no  easy  matter  to  decide 
the  relative  harmfnlness  of  these  sodium  salts.  Experiments  will 
have  to  be  performed  on  a  large  number  of  plants  of  widely  different 
relationship  before  any  definite  conclusions  can  be  reached.  There  is 
great  probability  that  the  order  of  their  toxicity  is  not  the  same  for 
all  species  of  plants.  This  is  very  well  demonstrated  by  a  compari- 
son of  the  writer's  results  with  those  of  Kearney  and  Cameron,  who 
found  sodium  sulphate  more  toxic  to  Lupinvs  albus  than  sodium 
bicarbonate,  while  the  writer  found  the  reverse  to  be  true  for  wheat. 
There  is  a  tendency  among  physiological  experimenters  to  draw  gen- 
eral conclusions  for  the  whole  plant  kingdom  from  the  results  ob- 
tained for  a  few  varieties,  species,  or  genera,  which  is  absolutely 
unjustifiable.  Too  much  emphasis  can  not  be  used  in  wndemning 
such  inferences.  The  results  here  obtained,  it  is  thought,  will  hold 
pood  for  these  particular  varieties  of  wheat,  but  they  are  not  indica- 
tive except  within  rather  wide  limits  of  what  others  show.*    They 

"  Ueber  die  Eliiwlrkung  Chenilselier  Ageiitlen  auf  die  Keliiiung,  Laudw.  Vem. 
Stat..  47:  2  (1806). 

*  ThlB  point  1b  brought  nut  In  a  most  uarked  way  by  tlie  work  of  Cnmpron 
niid  Breazeale  upon  tlie  effect  of  adds  on  wheat,  maize,  and  clover,  respectively. 
(Ttie  Toxic  Actios  of  Acids  and  Salts  on  Seedlings,  Journal  Pbys.  Chem.,  vol, 
K  Xo.  1,  p.  1,  Jan.,  1004.) 
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will  serve  for  iimkiiig  comparisons,  but  not  for  drawing  conclusioTis 
as  to  the  behavior  of  plants  in  general. 


RESULTS    WITH    SODIUM    SHLPHATE, 


The  comparative  effect  of  pure  solutions  of  sodium  sulphate  upon 
the  different  varieties  is  shown  in  the  table  which  follows: 


N«ine  ot  whe»t  rariply. 

UuimDIn  Umlt  ot 
oDdoraDce. 

BoSsrs 

■olntlon. 

p»rtitof« 

Zfrnmcman 

at 

n.uG 

.iHtr, 

.IH33 

AvengK  tiirall  ™rlotii«.. 

In  sodium  sulphate,  as  in  sodium  bicarbonate,  the  toxic  limits  for 
the  different  varieties  show  less  variation  than  in  the  case  of  other 
salts  used.  The  least  resistant  to  this  comparatively  harmless  salt, 
as  to  most  of  the  others  used  in  these  experiments,  is  the  Preston 
wheat.  This  variety  has  l)een  grown  for  a  number  of  years  in  a 
semihumid  region  where  alkali  soils  do  not  occur.  In  view  of  these 
facts  one  would  exix-ct  this  variety  to  be  somewhat  less  resistant 
to  these  salts.  Since  there  is  no  excess  of  soluble  salts  in  the  soils 
of  this  region,  Preston  has  had  no  opportunity  to  develop  salt  resist- 
ance. The  varieties  most  resistant  to  sodium  sulphate  are  Zimmer- 
man and  Kubanka,  Iwth  surviving  as  well  in  a  O.OS  normal  solution 
as  Pre.ston  in  0.035.  As  to  the  origin  of  these  varieties,  also,  it  is  just 
what  would  Ix;  expcctetl  from  their  resistance  to  salts.  Both  sorts 
came  from  arid  or  semiarid  regions,  where  saline  soils  are  abundant. 
Kubanka  is  grown  in  regions  containing  numerous  salt  marshes  and 
lakes,  and  that  it  should  have  acquired  ability  to  resist  salts  in  the 
soil  is  only  natural.  Zimmennan  likewise  was  obtained  from  a 
region  having  soils  of  more  or  less  saline  character,  and  to  this 
is  probably  due  its  power  of  resistance  in  salt  solutions.  It  is  not 
unlikely  that  the  soils  from  the  regions  from  which  the  remaining 
varieties  were  obtained  contain  a  less  amount  of  sodium  sulphate 
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proportionate  to  their  smaller  resistance  to  this  salt  as  sliown  in 
these  water  cultures.  This  can  not  definitely  be  known  until  experi- 
ments have  l>een  made  correlating  the  amount  of  the  different  salts 
in  the  soil  upon  which  the  different  varieties  grew,  with  their  resist- 
ance in  pure  solutions. 

Some  interesting  differences  can  be  noted  here  between  the  resist- 
ance of  wheat  and  of  lupines  to  sodium  sulphate.  The  Preston  vari- 
ety is  4S  times  as  resistant,  and  Zimmerman  and  Kiibanka  6§  times 
as  resistant,  as  Lupinus  albns,  the  toxic  limit  of  the  latter  having 
been  established  by  Kearney  and  Cameron  at  0.0075.  They  found 
sodium  sulphate  more  toxic  to  Lupinus  than  sodium  bicarbonate, 
while  for  every  variety  of  wheat  in  these  experiments  the  reverse 
is  true.  With  maize  Kearney  showed  that  the  seedling  would  sur- 
vive equally  well  in  both  salts,  and  established  the  limit  at  0.05  of 
a  nonnal  solution. 

Hilgard  states  that  few  plants  can  bear  as  much  as  0.1  per  cent  in 
the  soil  of  sodium  carbonate,  or  about  3,500  pounds  i>er  acre  to  the 
depth  of  1  foot.  For  sodium  chlorid  the  limit  in  the  soil  is  about 
0.^5  per  cent.  In  the  case  of  sodium  sulphate,  most  plants  can  grow 
in  the  presence  of  0.45  to  0.50  per  cent  in  the  soil.  In  view  of  this 
fact  sodium  chlorid  under  soil  conditions  would  seem  to  be  more 
toxic  to  most  plants  than  the  sulphate. 

Stewart"  has  made  a  number  of  interesting  tests  on  the  power  of 
seeds  to  genninate  in  the  presence  of  sodium  carljonate,  sodium  sul- 
phate, and  sodium  chlorid.  He  found  the  carbonate  and  the  chlorid 
to  be  more  injurious  than  the  sulphate.  With  one  exception  (rye 
seeds  in  the  presence  of  the  chlorid),  0.50  [wr  cent  of  either  carbonate 
or  chlorid  proved  fatal  to  germination.  Stewart  showed  that  sodium 
sulphate  is  far  less  injurious  than  either  of  the  other  salts.  The 
character  of  his  experiments  indicates,  however,  that  they  are  not 
directly  comparable  with  such  as  are  here  described.  His  seeds  were 
placed  for  germination  in  sand  on  tin  plates  and  watered,  the  nature 
of  the  water  used  not  lieing  stated.  Kearney  and  Cameron  have 
shown  that  these  salts  are  decidedly  different  in  the  degree  to  which 
their  toxic  effect  can  be  neutralized  by  the  addition  of  other  salts, 
such  as  the  chlorid  or  sulphate  of  calcium.  It  is  possible  that  the 
sand  or  the  water,  or  both,  used  by  Stewart  contained  more  or  less 
calcium  salts.  The  results  of  Kearney  and  Cameron,  above  referred 
to,  show  that  the  toxic  effect  of  sodium  carbonate,  and  next  to  it  that 
of  sodium  chlorid,  are  neutralized  far  less  effectively  by  calcium  sul- 

o  Effw-t  of  AlktiJI  on  Seed  Geriuiimtlon.  Nlntb  Annual  Report,  Utah  Agricul- 
tural Experiment  Station,  p.  26  (1898). 
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phate  thnn  is  Kotlinm  snlpliaU-.  Tlipy  foiiiul  that  the  rcMistance  of 
sfKliiim  siilphati-  was  rnised  <>0  tiiiics  by  adiliiig  c-alciiiiii  sulpliatf. 
Ill  the  li^iht  of  these  facts  it  is  eaisy  to  accept  Stewart's  results.  In 
fact,  Kearney  and  Cameron  showed  that  wlicii  other  salts  were  added 
the  liiiiil  fur  Lufihiun  iilliiin  in  so<liiiiu  ^^ulplmte  could  l>e  riiise<l  to 
0.:10  of  a  normal  solntion,  and  that  for  stKlinin  chhirid  only  to  0.20, 
while  in  pure  solutions  the  limit  for  s«>diuin  sulphate  was  a  coiieentra- 
lioii  of  0.0075  and  for  sodium  chlorid  0.0->.  This  also  explains  llil- 
^rd's  results  as  to  the  comparative  harmlessness  of  sodium  sulphate 
in  the  soil  where  other  salts  are  always  pi-esent. 


RESi;i,T8    WITH    S01>ll'M 


The  results  olitaiiie<l  by  the  writer  with  |)nr 
chlorid  arc  shown  in  the  folto<ving  table: 


solutions  of  sodiun 


NBin«<irwI 

»., 

sriaty. 

1  M« 

Pm- 

1    1« 

J   .' 

HOIU- 

3Si 
K3 

oi  limit ..( 

Pniiitiiinal 
part  of  a 

0.(I6S 

.067S 

.tBS 
.IHit 

.ns.'> 

,M5 

P»dul 

Turkey 

Prenwu 

rail 

,„,..,. 

That  sodium  chlorid  is  the  least  toxic  to  wheat  of  all  the  salts 
used  is  evinced  by  the  table  al>ove.  Next  to  it.  of  course,  is  sodiimi 
sulphate.  Compiiring  the  results  with  those  obtained  by  Kearney 
and  Cameron  for  Iupine,s,  the  varieties  of  wheat  are  two  and  one-half 
to  three  times  as  resistant.  Coupin"  also  found  wheat  more  resist- 
ant to  sodium  chlorid  than  the  white  lupines.  lie  has  experiiiicntetl 
with  several  species  of  plants  and  found  the  whole  plant  to  be  killed 
in  the  following  concentrations:   IMieat,  1.8  jxir  cent;   jwas.  1.-2  per 

"Sur  In  To.\ltltC'  dii  Cliliirure  Smliuiii  et  <le  lEau  de  Mcr  a  rEgard  dej 
V^gOtau-t.     Kevue  GOnOrale  ile  Botonique,  10:  178  (18»S). 
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cent;   vetch,  1.1  per  cent;   maize,  1.4  per  cent,  and  white  lupine,  1.2 
per  cent," 

"Gutlirle,  F.  B.,  nnd  Iloluies.  R,  {Roy.  Soo.  New  South  Walea,  Oirt.  8,  1002), 
couJucted  some  eiperlmente  on  wtieats  In  two  kinds  of  hoIIs.  To  one  of  tlie 
8o!la  was  udded  a  fertilizer  consisting  of  a  mlxtnre  of  10  grams  of  Bulphute 
of  DDtmotila.  0  KTaniH  of  euperphoephate,  4  grams  of  HulphHte  of  potnsh,  nnd 
varying  quantitlex  of  otber  subatances.  The  coutpoeltlou  of  tiie  Qnit  soil  was 
as  follows: 

Per  cent. 

Moisture 3.83 

OrKnulc  matter 13.75 

Nltrof^ii __ .208 

Soluble  in  hyclrocbloric  add : 

Lfnie   _ .  16B 

I'otaBh __ _.      .065 

Phosphoric  nrld .  107 

Matniesla _,      .072 

The  soil  was  found  to  rantain  O.dlU  tier  i-ent  of  sodium  cbloi-ld  In  addition 
to  the  suhatanees  enumeratcO  above. 
The  trompoaitlon  of  the  second  noli  ivhk  as  follows: 

I'er  cent. 

Molstui-e _ •>.  91 

Organic  matter _ &  33 

Nltrogeu .070 

Soluble  ill  hydrochloric  acid : 

Lime   .440 

Potash .  077 

Phospliork'  add .  110 

No  fertilizer  wan  added  nnd  the  soil  was  originally  free  from  chlorlds.  It 
was  found  that  In  tbe  flrat  soli  the  ii<eeds  germinated  and  gi-ew  well  ivlien  enoui;li 
Kodluni  cblorld  was  added  to  the  soil  to  give  It  a  content  of  0.006  per  cent  of 
that  salt.  Further,  that  in  tlie  seeoud  soil,  to  which  no  fertilizer  was  added,  In 
tbe  jiresence  of  0.05  per  cent  at  sodium  chlorld,  germination  was  sllghtlj' 
I'etarded,  but  the  plants  Bnaily  recovered  and  grew  well.  As  to  tbe  reanlts, 
these  uuthors  say  : 

From  0.01  to  0.02  per  cent  of  sodium  chlorld  Is  without  effect  on  tbe  wheat 
plant,  the  grain  germinating  well  and  the  plant  growing  vigorously.  With  0.03 
to  0.10  per  cent  of  sodium  cblorld  tbe  genu!  nut  ion  Is  somewhat  retarded,  the 
plants  are  less  vigorous,  but  recover  and  gixiw  well.  With  0.15  the  geriulnatlon 
Is  still  more  alTec'tnl  and  the  piniits  would  |>robably  not  recover  under  less  fa- 
vornhle  conditions  than  those  of  the  experiment.  Two-tenths  per  cent  of  sodium 
chlorld  In  the  soil  Is  fatal  to  the  growth  of  wheat. 

An  experiment  iierfornied  by  Messrs,  E.  Charabot  and  A.  HAbert  (Oompt. 
Rend.  Acud.  Scl.  Purls,  13.1:  181,  1902),  which  sliows  tbe  cbemlcHl  1nflQeDi«  of 
sodium  cblorld  upon  more  mature  plants.  Is  a  very  Interesting  one.  These  Inves- 
tigators found  that  by  adding  sodium  cblorld  some  chemical  iiropertien  are 
decreased. 

The  writer  tinds  that  n  2  per  cent  solution  of  sodium  cblorid  saturated  with 
calcium  sulphate  Is  sufflelent  to  bill  moss  growing  on  tbe  soil  In  two  weeks' 
time.  .At  the  end  of  one  week  no  chiinge  I,s  noticeable,  except  thnt  growth  Is 
retarded.  One  week  longer,  however,  sufllces  to  kill  the  moss  completely  nnd 
turn  It  a  brownish  color.  Tlie  solution  was  iidded  lo  the  pots  on  which  tbe  moss 
grew  In  the  laboratory  every  otber  day  for  about  that  length  of  time. 
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SUMMARY  OF  TABIJ:9. 

In  order  to  make  more  easily  comparable  the  differences  of  resist- 
ance of  the  several  varieties  to  the  various  salts,  the  results  as  a  whole 
have  been  brought  together  in  the  following  table.  At  the  bottom  of 
the  columns  is  given  the  average,  for  each  salt,  of  the  toxic  limits  of 
all  the  varieties;  so  it  requires  only  a  glance  to  see  which  varieties 
are  above  or  below  the  average  in  their  I'csistance  to  the  toxic  effect 
of  each  salt. 


NBmeotwhvstvArieCy. 

phate. 

chtorid. 

Sodium 
carboQ- 

Sodtuin 
bonate. 

ph»te. 

»s: 

0.1W76 
.OOOffi 
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.01 

.oors 

.1)1 

.C06 

.01 
.01 

.0076 
.01 

O.OUS 
.01 
.016 
.015 
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.OIK 

aat!8 

.08 

.0276 

,(«75 

.am 

.(BS 

O.OG 

.om 

.Ot6- 

.OttS 

.MTS 
.QSJ5 

.<H5 

aa«B 

.(Nn» 

.OM 

.0109 

.OdM 
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A  glance  at  the  above  table  shows  that  the  Zimmerman  variety  is 
much  the  most  ivsistant.  Tliis,  however,  does  not  necessarily  mean  that 
it  is  most  i-esistnnt  to  every  salt.  On  the  contrary,  Zimmerman  is 
less  le.si.stant  to  magnesium  sulphate  than  Budapest  and  Turkey,  less 
resistant  to  so<liuin  carbonate  than  Turkey  and  Kharkof,  and  less 
1'e.sistant  to  siHlinm  bicarlmnate  than  Kharkof.  This  same  variety, 
however,  is  very  resistant  to  tlie  influence  of  sodium  chlorid,  .so<liuni 
sulphate,  and  sodium  carbonate,  which  brings  up  its  average  to  a 
considerable  extent.  The  least  resistant  variety  is  Chul,  whicli  runs 
low  for  all  salts  except  sodium  carbonate,  in  which  its  i-esistance  is 
slightly  above  tlie  average  of  the  varieties  with  which  exp«'riment.s 
were  made.  The  low  ivsistance  of  this  variety  was  unexpected,  in 
view  of  the  oharacti-r  of  the  country  froni  which  it  rame. 

A  further  consi<lenition  of  this  table  shows  how  nearly  equal  the 
Padui  and  Kulmnka  varieties  are  in  their  resistance.  A  comparison 
of  the  two  varieties  for  the  same  salts  shows  but'a  slight  variation. 
Taking  into  consideration  the  original  habitat  of  the  two  varieties, 
we  would  exjKK't  very  little  difference.  Both  are  Bnssian  varietie;> 
and  subjected  to  very  similar  climatic  and  soil  conditions.  Both 
varieties  are  very  resistant  to  salt  solutions,  ami  in  view  of  the  fact 
that  tlicy  iHtth  come  from  regions  containing  nnich  saline  soil  their 
similarity  in  this  respect  is  not  surprising. 

Good  examples  for  contrast  to  Padui  and  Kubanka  arc  furnished 
in  Huda^Kst  and  I'reston.     Iluda^iest  is  a.  naturalized  Michigim  vari- 
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ety  and  Preston  a  variety  from  Ciinada.  The  soil  nn<l  climatic  condi- 
tions are  very  similar.  Both  regions  are  comparatively  humid,  witU 
little  or  no  saline  soil.  Both  of  these  varieties  are  low  in  resistance  to 
salt  solutions,  just  as  would  be  expected. 

A  comparison  of  the  resistance  of  the  different  varieties  with  the 
region  from  which  they  came  in  n'.spoct  to  soil  and  climatic  condi- 
tions shows  that  their  i-esistance  to  saline  solntions  can  probably  be 
correlated  with  the  natural  habitat  of  the  varieties;  that  is,  the 
results  herein  obtained  indicate  that  a  variety  grown  in  a  locality 
having  little  or  no  excess  of  salts  in  the  soil  has  a  comparatively  low 
resistance  in  saline  water  cultures.  It  further  shows  that  varieties 
grown  in  regions  having  more  saline  soils  have  a  much  greater  resist- 
ance in  saline  water  cultures. 

OOKPAAIBON  OF  ILBSt7I.TB  WITH  DIFFEKENT  SPECIES. 

The  results  obtained  for  the  lupines  by  Kearney  and  Cameron 
and  those  for  nuiize  by  Kearney  have  fn^iuently  l»ecn  referred  to  in 
the  foregoing  l>nges.  It  has  been  pos.sible  to  compare  them  to  the 
writer's  results  with  wheat  only  in  a  frngmentury  way.  Since  there 
arc  some  very  .surprising  differences  in  the  to.\irity  of  the  same  salts 
to  the  three  ]i hints,  the  results  have  l»'en  brought  together  in  one 
table  for  comparison.  Kearney  and  Cameron  ust-d  but  one  variety 
of  the  lupine  and  of  maize,  their  n-sults  being  shown  in  the  follow- 
ing table.  The  writer  in  his  experiments  on  wheat  has  used  nine 
diffei-ent  varieties,  but  in  the  following  table  only  the  mean  resistance 
of  all  the  varieties  has  l)eeii  taken. 

The  limit  of  concentration  of  the  salts  which  can  l>e  endured  by 
wheat,  lupine,  and  nuiize  is  as  follows,  the  i-esults  being  stated  both  in 
fractions  of  a  normal  solution  and  in  parts  of  salt  i>er  100,000  of 
solution : 


Wh 

Degree  Ota 

oat.           1           Laplne.           |            Ha 
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S.l|         .06 
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It  is  remarkable  that  while  magnesium  sulphate  is  the  most  toxic 
to  the  wheat  and  the  lupine  of  all  the  salts  used  it  is  the  least  injuri- 
ous to  maize,  l)eing  thirty-five  times  and  two  hundred  times,  respec- 
tively, more  toxic  to  wheat  or  lupine  than  to  maize. 
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Magnesium  sulphate  and  magnesium  chlorid  differ  but  little  in  the 
concentration  necessary  to  kill  the  root  tips  of  wheat  seedlings,  while 
a  solution  of  the  former  only  half  as  strong  as  the  latter  is  sufficient 
to  kill  the  lupines  in  the  same  length  of  time.  In  contrast  to  this,  a 
solution  of  magnesium  chlorid  only  about  one-third  as  concentrated  as 
the  critical  solution  of  magnesium  sulphate  is  the  strongest  that  can 
be  endured  by  tlie  root  tips  of  maize,  the  order  of  toxicity  of  the  two 
salts  being  reversed.  The  root  tips  of  the  lupines  have  been  killed 
by  every  salt  used,  at  a  less  concentration  than  that  which  can  be 
endured  by  wheat  and  maize,  a  solution  of  sodium  carbonate  one-half 
and  one-third  as  concentrated  as  that  necessary  to  kill  wheat  and 
maize,  respectively,  being  fatal  to  the  lupine.  It  will  be  noticed, 
however,  that  the  least  amount  of  diversity  is  evinced  by  the  three 
plants  in  the  presence  of  sodium  carbonate  and  sodium  bicarbonate. 

Wheat  and  maize  show  very  little  difference  in  resistance  to  sodium 
sulphate,  but  a  solution  about  one-sixth  as  concentrated  as  that  neces- 
sary to  kill  maize  is  toxic  to  the  lupine. 

It  is  a  very  surprising  fact  that  the  variation  between  the  three 
plants  is  so  great.  The  salts  of  magnesium  which  are  the  most  toxic 
to  wheat  and  lupines  are  the  least  toxic  to  maize,  the  difference  being 
as  is  200  to  1,  Maize  is  on  the  whole  much  more  resistant  to  pure  salt 
solutions  than  is  wheat  or  the  white  lupine,  while  the  root  tips  of  the 
lupines  are  killed  by  each  of  the  salts  at  a  much  less  concentration 
than  that  necessary  to  destroy  the  root  tips  of  wheat  seedlings. 

Especially  interesting  results  in  this  connection  have  been  bronfjht 
out  by  Cameron  and  Breazeale'  with  some  experiments  concerning 
the  action  of  acids  and  salts  upon  maize,  wheat,  and  clover.  The 
salts  employed  were  not  the  same  as  those  used  by  the  writer,  hut  the 
results  for  both  the  acids  and  salts  are  sufficient  to  show  the  difference 
in  resistance  between  different  species  and  also  the  different  action  of 
different  salts  and  acids  on  the  same  species, 

Cameron  and  Breazeale  found  that  N/SflO  and  N/600  solutions  of 
acetic  and  succinic  acids,  respectively,  were  the  toxic  limit  for  seed- 
lings of  maize,  but  wheat  and  clover  in  the  same  acids  would  endure 
only  N/20000.  They  found  the  variations  in  salt  solutions  to  be 
equally  as  great,  but  in  some  ways  reversed.  In  potassium  chlorid  the 
toxic  limit  for  wheat  and  clover  is  the  same,  each  having  a  greater  con- 
centration than  that  necessary  to  kill  seedlings  of  maize.  In  potassium 
oxalate,  wheat  was  found  to  endure  a  concentration  six  times  as  great 
as  that  for  elover.  It  is  interesting  to  note  here  that  the  more  toxic 
the  acids  the  more  uniform  are  the  results,  while  for  the  salt  solutions 
the  reverse  is  true.  The  writer  obtained  similar  results  for  the  salts 
used  in  the  pxi^eriments  described  in  this  paper, 

"  Tl)e  ToKic  Ai'tloii  of  Acids  and  Suite  on  Se«<11iQgB.  Journul  Fbys.  Gbem.,  vol. 
8,  No.  1,  p.  1  (January,  1904). 
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To  determine  whether  or  not  the  amount  or  the  composition  of  the 
ash  ill  the  seed  could  be  correlated  with  the  resistance  of  the  seedlings 
to  saline  solutions,  analyses  of  seeds  of  each  variety  used  and  of  the 
same  origin  as  those  used  in  the  culture  experiments  were  obtained 
through  the  Bureau  of  Chemistry  of  the  Department  of  Agriculture. 
The  results  fail  to  show  any  correlation  between  the  ash  constituents 
of  the  seeds  and  the  resistance  of  the  seedlings  in  water  cultures.  As 
the  alBsence  of  such  correlation  is  important,  the  table  of  analyses  is 
inserted.  It  is  a  surprising  fact  that  some  of  the  ash  constituents 
run  very  low  for  varieties  such  as  Padui  and  Kharkof,  in  which  one 
would  expect  them  to  be  high. 


Table  of  antdyKt  of  the  wth  eonntOuenU  of  wheat  needlinga. 

Variety. 

H,0. 

<^ade 

«Bh. 

CO,. 

KgO. 

K,0. 

Nti.0. 

PKV 

so» 

OL 

Zl 

i.» 
i.» 

t.93 
1.T3 
I.M 

l.» 

i.ie 

O.IM) 
.0« 

.m 

.084 

.m 

.0*0 
.008 

0.45 

.13 

.51 
.Bl 
.S8 

.47 

0.060 
.060 
.062 

.ose 

.016 

.018 


0811 

.WO 
.010 
.MB 
.041 

Z 

.067 

a(K4 

7U 

18 
IB 
tt 
» 
LI 

KB 

66 
57 
W 
78 
70 
M 
97 

PmtoT 

Iin»IVEDUAL  VABI  ABILITY. 

Individual  variation  within  the  different  varieties  is  a  subject 
deserving  some  attention  in  this  connection.  Some  very  striking 
instances  have  been  noted  during  the  course  of  these  experiments. 
Since  it  has  been  demonstrated  beyond  dispute  that  the  varieties 
differ  one  from  another  in  resistance  to  toxic  salts,  it  is  only  natural 
to  suppose  that  the  individuals  of  the  same  variety  would  show 
diversity  in  this  respect.  It  is  the  existence  of  this  individual  varia- 
bility that  has  made  it  impossible  to  obtain  reliable  results  without 
testing  a  large  number  of  seedlings.  As  soon  as  this  factor  was 
eliminated  it  became  comparatively  easy  to  establish  the  toxic  limit. 
In  some  instances  it  was  more  difficult  than  in  others,  and  some  varie- 
ties were  especially  troublesome  in  this  respect.  The  reasons  for  this 
are  difficult  to  determine. 

No  experiments  have  l>een  conducted  for  the  exclusive  purpose  of 
demonstrating  the  range  of  individual  variation,  and  only  results 
ore  here  recorded  which  have  been  brought  out  incidentally  during 
the  tests  for  varietal  variation.  The  writer  does  not  doubt  that 
experiments  with  this  end  in  view  would  bring  out  instances  of  indi- 
vidual variability  much  more  striking  than  any  so  far  obtained. 
Nearly  all  varieties,  however,  have  shown  exceeding  diversity  in  the 
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I'esi.stHiice  of  individual  plants,  and  it  will  be  intei'esting  to  mention 
a  few  of  them.  In  the  exi>erimeuts  to  determine  the  toxic  limits  for 
the  diffei-ent  varieties  the  i-esnltM  were  based  on  averages,  e.  g.,  in  a 
solution  of  sodium  carbonate  of  a  concentration  that  was  taken  to 
represent  the  to-\ic  limit  23  seeds  were  alive  in  a  0.01  solution  and  27 
dead.  It  is  not  known  how  many  of  those  seedlings  which  were  ulive 
might  have  survived  in  a  solution  still  more  concentrated,  perhaps  of 
twif«  the  strength,  nor  is  it  known  how  many  of  those  that  were 
killed  wonld  have  been  killed  in  a  sohition  only  half  as  concentrated." 

Instead  of  making  tables  to  show  the  individual  variation,  as  was 
first  suggested,  only  striking  instances  will  be  referred  to  under  the 
names  of  the  different  varieties.  A  scries  of  tables  would  require 
more  space  than  can  here  be  given  to  the  subject. 

Budapext. — In  connection  with  the  experiments  with  the  Budapest 
variety  two  striking  instances  have  been  noted,  one  with  .sodituu 
bicart)onate  and  the  other  with  niagnesiimi  sulphate.  The  toxic 
limits  for  these  two  salts  ai'e  0.0:J5  and  0.01  of  a  normal  solution, 
resjjectively.  In  one  exjx'rimcnt,  out  of  a  number  of  seedlings  in 
0.015  nonnni  sodium  bicarbonate  two  died.  In  the  case  of  magne- 
sium sulphate,  in  one  experiment  all  the  rootlets  were  dead  in  0.015 
normal  except  one,  which  survived.  Here  are  two  instances  with 
i-eTiiarkable  extremes.  In  the  former  case  the  two  seeds  were  of 
excei^dingly  low  vitality,  while  in  the  latter  instance  one  seed  had 
remarkably  great  vitality. 

ChiiL — No  very  marked  individual  variations  presented  them- 
selves during  the  oxix^riments  with  the  Chul  variety. 

Titrkei/.—Fnw  remarkable  variations  were  ol>served  with  tlie  Tur- 
key variety.  But  one  instance  deserves  special  attention.  The  aver- 
age toxic  limit  in  magnesium  sulphate  is  0.01  normal,  but  in  a  num- 
ber of  tests  a  few  seedlings  were  readily  killed  in  a  solution  only 
half  as  concentrated  as  the  sohition  JTi  which  one-half  of  the  total 
numl)er  of  individuals  exposed  to  it  survived. 

Pifxton. — The  experiments  with  magnesium  salts  brought  out  two 
interesting  casew  with  the  Preston  variety.     The  toxic  limit  for  this 

a  Moore  aiiU  Kelleriiijin  (Bui.  (H,  Iturcnu  of  I'liiiit  Industry,  II.  S.  Deiit.  of 
Agrleulliire)  liavo  given  HOiiie  escelleiit  instRnt-ea  of  ludivldnnl  variability  wltli 
n!M|iect  to  rei4iKtiiiK-e  to  to\\a  ai^iita.  Tliey  liiive  uitide  luiuiei'oos  exj>eriiiieiitB 
wltli  wpi>cr  Kiilpliiitc  uiK>ii  dJfTereiit  iilftip  wlilfli  are  fuimd  fn  water  supplies, 
'niey  found  tliiit  1  iwirt  of  isipper  siiliiliiite  to  2,000  of  water  wtis  sufficient  to 
kill  oiie-linir  of  tlie  Individunla  of  C'!iIaiiip<loniiiiias  piriformis  exiiosed  to  it  tii 
two  days,  while  tbe  siune  coucentration  was  sufficient  to  kill  only  oiie-tentli  of 
the  sauie  foriu  in  tliree  following  days,  and  in  tliree  other  days  only  one-fourth. 
With  liesmidium  mrartzil  1  pa  t  of  eonm-  to  100,000  was  sufJiolent  to  doxtray 
iine-iinlf  and  three- ton rtlis.  refii>e<'tlvely,  of  the  Individuals  Involved  in  two 
different  setw  iif  exjievluionts.  Nuinei"ous  other  instances  niiglit  lie  pited,  but 
thew  wilt  Hnff)<'C  to  show  tbat  Individual  variation  In  this  rcsittct  Is  nut  <.-oii- 
(ined  to  wheat  alone.  ^ 
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variety  with  both  the  chlorid  ami  the  sulphate  of  maffnesium  is 
0.005  noniml.  In  both  salts,  however,  rootlets  of  some  of  the  plants 
Miirvive<l  in  solutions  twice  as  concentrated.  In  the  case  of  inagne- 
siuni  chloriil,  8  out  of  25  survived,  while  with  the  sulphate  only  Si 
out  of  the  same  number  survived. 

Kkarkof. — In  solutions  of  sodium  chlorid  and  sodinm  sulphate  of 
a  concentration  of  0.045  and  O.OSfl  normal,  respectively,  one  see<lliiig 
of  the  Kharkof  variety  was  dead  in  each,  the  limits  fixed  for  these 
two  salts  beinfi  0.055  and  0.0425.  The  root  tijjs  of  two  seedlings  were 
killed  in  0.02  normal  of  sodium  bicarbonate,  for  which  the  average 
toxic  limit  is  0.03. 

ZimiiK^rman. — The  Zimmerman  variety,  while  the  most  resistant  of 
all,  shows  some  very  marked  individual  variation.  A  strikin;;  in- 
stance occurred  with  magnesium  chlorid,  the  average  to.\ic  limit  of 
which  is  0.015  normal.  In  a  solution  one-third  as  concentrated  (0.005 
normal)  2  seedlings  out  of  20  could  not  survive.  The  limit  of  con- 
centration for  this  variety  in  sodium  chlorid  is  0.0C5  normal,  but  the 
rootlets  of  one  seedling  could  not  survive  in  0.045,  Similar  to  this 
are  the  results  with  s<Klium  sulphate,  the  toxic  limit  being  0.05,  but 
the  root  tips  of  two  individuals  did  not  survive  in  0.035  nonnal 
solution. 

Pailui. — No  variation  of  any  importance. 

Maraoiiaiii. — The  rootlets  of  two  seedlings  of  the  Maraouani  vari- 
ety were  killed  in  0.005  normal  magnesium  sulphate,  while  3  out  of  20 
tn<lividuals  survived  in  0.015.  The  average  toxic  limit  for  this  salt 
is  0.0075  of  a  normal  solution. 

fi  u 0(1)1 /.-n.—^o  important  variations. 


Because  of  a  discoveiy  which  was  made  when  these  experiments 
were  almost  complettxl  it  is  necessary  to  add  a  few  remarks  mxm  the 
neutralizing  effect  upon  otiier  toxic  substances  of  the  salts  of  sodium 
and  magnesium.  During  the  whole  course  of  the  ex[KTiments  the 
writer  was  unable  to  get  seedlings  to  grow  or  evey  to  live  f<)r 
twenty-four  houi-s  in  the  distilled  water  used.  This  seemed  unac- 
countable, as  it  quite  disagreed  with  the  results  of  other  exjX'n- 
menters.  Coupin  found  the  roots  of  wheat  seedlings  to  thrive 
well  in  perfectly  distilled  water,  and  Deherain  and  I)emou.s.sy" 
showed  al>solutely  pure  water  to  lie  perfectly  harmless  to  rtKit 
growth.  Numerous  experiments  have  been  made  to  determine  this 
point,  with  more  or  less  varying  results.  Certain  exi>erimenters 
have  held  that  distilled  water  was  not  conducive  to  g<K)d  growth. 

'<  .'^lU'  In  (iermlniitlon  daii!)  I'Kau  Dlstitli',  ('uiii|it.  Itentl.,  i>iii-iH.  i:!2 :  'i2:s 
(iOOl). 
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This  is  probably  an  error  so  far  as  young  seedlings  are  coro>med. 
The  seed  contains  everything  necessary  for  the  early  growth  of 
the  plant,  and  the  absence  of  all  minerals  or  other  nutrient  com- 
[>ounds  in  the  surrounding  solution  should  produce  no  bad  effect 
during  the  earliest  stages  of  growth.  Those  who  claim  that  dis- 
tilled water  is  injurious  will  probably  find,  upon  closer  <rf>ser\'a- 
tion,  that  it  is  some  injurious  substance  in  the  water  which  is  really 
toxic  to  the  roots.  In  the  case  of  many  plants  one  of  the  most  toxic 
substantia  known  is  copper,  and  it  is  more  than  likely  that  it  is 
present  in  much  of  the  water  which  experimenters  liave  found  to  be 
injurious.  Coupin  states  that  one  part  of  copjwr  to  700,000,000  of 
water  is  sufficient  to  retard  the  root  growth  of  wheat  seedlings.  A 
mere  trace  of  copper  is  sufficient  to  retard  growth  in  many  cases. 

As  a  result  of  an  analysis  made  in  the  Bureau  of  Chemistry  of  the 
Department  of  Agriculture  of  the  distilled  water  used  in  these 
experiments,  it  was  found  to  contain  a  considerable  quantity  of  zinc, 
but  no  trace  of  copper.  The  harmful  effect  probably  should  be 
attributed  to  zinc  alone.  The  water  used  in  these  experiments  was 
distilled  but  once,  and  was  collected  in  a  porcelain  tub  as  a  receiver. 

It  was  thought  while  the  work  with  wheat  seedlings  was  in  prog- 
ress that  copper  or  zinc  might  be  the  cause  of  the  injurious  effects, 
but  the  writer  used  the  water  from  the  same  still  for  all  experiments 
with  Lupinua  alhua,  and  no  toxic  effect  of  the  distilled  water  was 
noticeable.  Control  checks  with  lupines  were  carried  in  both  dis- 
tilled and  hydrant  water,  and  no  difference  was  found  in  the  rate  of 
growth.  It  was  this  observation  which  at  the  outset  of  the  work  with 
wheat  gave  the  writer  confidence  in  the  quality  of  the  distilled  water. 
This  is  apparently  another  indication  that  different  species  of  plants 
vary  greatly  in  their  ability  to  resist  the  influence  of  toxic  salts. 
\Vheats  are  apparently  much  more  sensitive  than  lupines  to  pure 
solutions  of  zinc  salts,  although  much  less  sensitive  to  pure  solutions 
of  sodium  and  magnesium  salts. 

At  first  thought  one  would  conclude  that  since  the  distilled  water 
used  contained  harmful  substances  the  experiments  above  described 
are  practically  without  value;  but  such  is  not  the  case,  as  will  be 
seen  before  this  discussion  is  completed.  In  order  to  compare  closely 
the  water  used  during  most  of  the  exjieriments  with  absolutely  pure 
water,  some  experiments  were  made.  To  secure  absolute  purity  in 
the  water  a  new  still  was  made  of  the  best  nonsoluble  glassware,  hav- 
ing no  metal  in  any  of  its  parts.  The  same  water  that  had  been 
proviouslj'  used  was  redistilled  for  the  purpose.  The  wheat  seedlings 
were  treated  in  every  way  as  before.  A  control  was  also  carried  in 
Potomac  River  water  for  comparison,  and  each  lot  of  seed  was  taken 
up  each  day  and  the  elongation  of  the  roots  measured  and  reconled 
for  four  consecutive  daj's.     In  the  twice-distilled  water  they  grew 
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alxiut  as  well  as  in  hydrant  wator.  In  order  to  show  to  what  extent 
the  impurity  of  the  water  used  would  affect  former  experiments,  salt 
solutions  of  a  dilution  far  l)elow  the  toxic  limits,  as  already  estab- 
lished, were  made,  uHJng  the  water  which  was  but  once  distilled.  The 
results  showed  that  the  toxic  element  in  the  water  was  effectively 
'  nentrnlized  by  the  addition  of  even  minute  quantities  of  any  one  of 
the  salts  used  in  the  experiments.  For  comparison  equal  numbers  of 
seeds  were  tested  at  the  same  time  in  the  water  distilled  twice,  in  that 
distilled  but  once  (that  nsed  throughout  the  above -described  experi- 
ments), and  in  dilute  salt  solutions  made  up  with  the  once-distilled 
water. 

The  following  table  emixtdies  the  I'esnits  obtained  with  very  dilute 
solutions  of  the  salts,  with  distilled  water,  and  with  hvdrant  water: 


ond  ,    Third       Fourth 


W«ter  distiaed  once 

Water  dlBtllled  twice 

MagnesltiiD  sulphate  <0.nni  Dormalvf 
Hagnesinm chlorid  ill.dOl  normal)".. 
Sodium  carbonate  lO.OOl  normalla... 
Sodium  bicarbonate  (O.liirs  Dormal)" 

Sodium  sDlpbate  (11.015  normalja 

SodlniQ  chlorid  (0.015  normal)!! 

Hydrant  water 


•  The  menn  toxic  linilc  of  all  varlelles  of  wtaent  tMted  In  the  presearp  oF  liic  siilts  here 
emplofcd  Is  shonn  as  folIowB : 

mnl  aolutlon. 

MflBnralum  Bnlphnte 0.00730 

MnKneeiiiia  cblorld    _ OlIftMl 

Sodium  fnrbonnle 0100 

Sodium    lilcnrbonntP    .020 

Sodium  giilphnte   —      .  MSa 

Sodium   chlorid    .  0.-.42 

A  rompflrlBon  ot  thrHp  litinrpB  with  the  talili?  nliovi'  nhoWH  tbnt  from  onp-thii^d  to  one- 
wheat  varieties  Is  siiffifient  to  neiitratlie  the  harmful  effect  of  tiie  zinc  preaeot  in  (he 
diMlilled  water. 

The  above  table  shows  that  after  an  elongation  of  2.2  mm.  during 
the  first  day  in  the  water  distilled  once  no  further  growth  Umk  plaw. 
A  comparison  of  that  with  absolutely  pure  water  (in  this  case  i-edis- 
tilled)  shows  that  there  was  some  element  in  the  first  water  which 
hindered  growth  and  which  was  not  found  in  the  second.  This,  as 
the  chemical  analysis  above  referred  to  showed,  is  probably  zinc. 

The  results  in  the  dilute  salt  sobitions  which  were  made  up  with  the 
injurious  once-distilled  water  showed  that  there  was  no  material  dif- 
ference in  the  elongation  made  in  them  and  in  the  checks  in  redis- 
tilled and  hvdrant  water.     It  is  not  assumed  that  these  dilute  sohi- 
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tions  were  in  the  exact  proportion  that  woiiI<l  have  pormitted  the 
greatest  elongation.  The  object  was  merely  to  show  that  at  the  con- 
centrations used  in  these  experiments  the  salts  of  magnesium  and 
of  sodium  effoctively  neutralize  the  injurious  element  present  in  the 
once-distilled  water.  The  only  noticeable  difference  was  in  the  case 
of  sodium  carbonate  and  sodium  chlorid.  in  which  the  elongation  was 
homewhat  l)elow  the  average  in  the  pui-e-water  check  and  in  the  sohi- 
lions  of  other  salts.  The  use  of  a  nioi-e  dilute  or  a  more  concentrated 
solution  would  doubtless  have  removed  this  difference.  On  the  other 
hand,  a  0.001  normal  magnesium  chlorid  was  conducive  to  better 
development  than  any  of  the  others,  with  the  single  exception  of 
hydrant  water.  It  will  be  noticed  that  at  the  end  of  the  third  day 
there  was  even  a  slight  advantage  in  favor  of  magnesium  chlorid 
over  river  water. 

The  elongation  the  fourth  day  was  but  a  slight  increase  over  that 
at  the  end  of  the  third,  with  the  one  exception  of  the  seeds  in  the 
Jiydrant  water.  Thi.s  is  just  what  was  to  lie  expected.  During  these 
four  days  the  seeds  were  compelled  to  live  on  the  nutriment  ston'd  up 
in  the  endosperm.  This  had  been  practically  all  used  up  at  the  end 
of  the  third  day ;  hence  the  cessation  of  growth.  With  hydrant  water 
the  conditions  were  diffei-ent.  Certain  nutritive  substances  are  con- 
tained in  this  water  u^Km  which  the  roots  can  draw  when  those  con- 
tained in  the  endosperm  have  been  exhausted. 

Tn  view  of  the  ex{>eriments.  small  quantities  of  these  sodium  and 
magnesium  salts,  instead  of  being  injurious  when  present  in  the 
Boil,  might  be  actually  beneficial  in  case  the  soil  contains  very  toxic 
substances,  e.  g..  zinc  or  copjjer.  In  fact,  these  salts  are  injurious 
only  when  present  in  excessive  quantities,  as  in  the  so-called  "  alkali 
soils"'  of  the  West. 

DiLiTTE  soLtrnoKs  AS  sTiinruurrs. 

Incidentally,  throughout  these  experiments,  evidences  of  stimula- 
tion in  dilute  solutions  were  obtained.  This  has  been  shown  to 
occur  by  many  investigators  with  other  salts  and  with  some  acids.' 

Kearney  and  Cameron,  who  made  similar  observations  when  ex- 
perimenting with  L'l phmit alhiiH. 9^y: 

In  (lie  cnse  of  cerlnlii  niiltn.  when  |)liu>ts  are  exposed  to  jiure  Aolutions  which 
nrp  iiun-li  tiio  dilate  lo  iiroduce  nay  tnsic  effei't.  there  occurred  a  det-lrtedlj- 

« .'^ihie  ruiiRi  lijive  lieen  known  to  l>e  !<t]niuliitetl  by  the  presence  of  sniiill 
qiiiintitlex  of  iio)i«ini<.  Th^  p^rnilnntioii  of  siioreH  lins  llkpwiHe  been  lianteD^ 
when  tn  tlie  iirenenceof  tidtlx  orxult^.  Townxead  (Rot.  <inz..  L>T:  'inS-ltitt.  1S»!>) 
found  tliiit  tlie  termination  of  riirlous  needs  and  H|N>res  baa  lieeii  Rtluulnted  l)y 
the  iireMeiK-e  of  tracreH  of  ether.  :uid  fBot.  Gtiz..  31:  241-2<M.  1(N)1)  that  tlie 
l>i'esen<v  of  hydrocyanic  acid  for  a  brief  |)er1od  of  tluie  accelerates  germination 
and  Bubiieiiuent  grun'tb. 
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BtliiiulatiiiK  effett  upon  growth,  na  comiwrwJ  witli  tbiit  [ii  tlie  dIstilliHl 
watpr  control  ilurhiis  ii  correal wndiiig  period.  This  wan  slJowii  to  be  tUe  nise 
for  salts  of  cnlcliiiii.  Imtb  the  clilorld  and  tbe  HUlpliiite  noting  an  stimuli. 

These  investigators  found  decisive  evidence  of  siicli  wtimiilating 
action  with  both  the  carbonate  and  the  bicarl>onate  of  sodium. 
Sodium  sulphate  and  sodium  chlorid  gave  purely  negative  ivsiiHs. 
Very  marked  results  of  this  kind  weiv  olwerved  by  Cameron  and 
Breazeale  when  working  with  acids.  Hydrochloric,  sulphuric,  and 
nitric  acids  in  concentrations  but  little  below  the  toxic  limit  produced 
enormous  stimulation,  especially  with  wheat. 

Coi^land"  shows  that  zinc  and  cop]>er  in  water  cultures  aecelernte 
growth  when  the  solutions  are  not  much  more  dilute  than  those  that 
are  distinctly  toxic.  Similar  ol>servatioiis  have  Ijcen  made  by  many 
earlier  investigators. 

In  the  experiments  with  wheat  all  the  salts  were  found  to  stimu- 
late growth  except  sodium  chlorid  and  sodium  cnrlwnate,  which  were 
indifferent  at  the  lowest  concentration  nsi'd.  It  is  not  uidikely, 
however,  that  if  the  proi>er  dilution  of  the  carlxmate  were  employed 
it  would  be  found  to  act  as  a  stimulus  with  wheats  just  as  it  did  with 
lupines.  In  fact,  it  was  found  that  the  same  concentration  of  certain 
salts  which  was  decideflly  toxic  for  some  varieties  of  wheat  will 
act  as  a  stimulant  to  another  variety.  Especially  is  this  true  of  the 
chlorid  and  sulphate  of  magnesium.  In  a  O.OOo  solution  of  each  of 
these  salts  the  elongation  of  the  i-oots  of  Turkey  wheat  was  equal  to 
that  in  the  control  of  hydrant  water  during  the  period  of  twenty- 
four  hours.  The  toxic  limits  for  this  variety  are  0.0075  normal  for 
the  chlorid  and  0.01  normal  for  the  sulphate.  As  will  l>e  seen,  two- 
thirds  and  one-half  the  concentration  of  the  toxic  limit,  respectively, 
not  only  were  not  toxic  but  actually  acted  as  a  .stimulating  influence. 
There  is  a  possibility,  in  view  of  these  results,  that  dilutions  not  very 
much  below  the  to.\ic  limit  are  more  likely  to  have  a  stimulating 
effect  than  are  much  more  dilute  solutions.  This,  however,  is  not 
a  question  to  be  settled  at  this  time,  but  will  j-eqiiire  to  determine  it 
a  series  of  special  experiments. 

A  0.015  normal  solution  of  sodium  sulphate  caused  an  elongation 
about  one  and  one-half  times  as  groat  as  that  in  hydrant  water.  The 
same  dilution  of  sodium  chlorid  gave  results  somewhat  less  striking, 
but  the  elongation  was  well  above  the  average  of  that  in  the  hydrant- 
water  checks. 

As  before  stated,  it  would  seem  that  instead  of  being  injiirious, 
dilute  solutions  of  these  salts  might  be  decidedly  advantageous,  yet 
if  they  cause  an  unnatural  growth  their  presence  must  be  considered 
as  detrimental  rather  than  beneficial.     Coiiehmd  calls  attention  to 
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tliiM  fnct,  and  iw  of  the  opinion  Hint  siibstance.s  acting  ns  stiniulantH 
are  in  tlie  long  run  injiii'iuns. 

It  i^  of  coui'se  an  (>slablislied  fact  that  certain  of  tltese  salts  are 
beneficial  and  even  necessary  in  particiiliir  cases.  It  has  bwn  claimed 
that  chioridH  ari'  indispensable  to  buckwheat.  The  plant  thrives 
Avell  until  it  has  passed  the  blooming  stage,  at  a  period  when  potas- 
sinm  chlorid  seems  necessary  to  complete  the  fruiting  wtage.  This 
fact  has  apjiarently  lu'en  demonstrated  by  exjieriment.  Loew " 
says  that  fungi  grown  in  cidtiire  solutions  containing  oidy  traces  of 
magnesia  form  no  sjwn's,  but  by  increasing  the  amount  of  letliirin 
and  thus  adding  more  nnigncsinm  to  the  cnltnre  solution  spores  will 
be  formed,  ilagnesium  salts  are  as  indispensable  to  fungi  as  to 
higher  plants,  but  an  exceedingly  small  amount  is  sufficient  when  the 
dilution  has  an  acid  inaction. 

Plants  are  often  benefitetl  by  sodium  salts.'  ^^liile  three  of  these 
salts — the  chlorid,  bicarlM»nate,  and  carbonate — are  not  indisijensable 
to  the  plant,  they  accelerate  ripening  in  some  of  the  cei-eals. 

Ixiew  asserts  that  -sodium,  manganes«',  and  silicon  are  often  i>ene- 
ficial  but  not  indispensable  to  phanerogams.  Sodium  sidts  ai-e  not 
es.si'ntial  in  the  physiological  processe.s  of  plants,  but  are  indisijen- 
sable  to  animals. 

FBAOTIOAL  VALUE  OF  IIEB17I.T8. 

There  is  certainly  a  very  practical  lesson  to  be  drawn  from  the 
results  descrjlied  in  this  pa|>er.  It  has  of  course  long  been  known 
that    ])lants   of   different   genera    and    s]>ecies   show   very   different 

"Tlie  PliyHloloeii'iil  ItOlp  tit  Miupnil  XiitrietitR  In  Plantn.  Hul.  4.~i.  Bureiiu  of 
I'liiiit  Imlnstry,  V.  S.  Dejit  of  Agrlcnltin-e  (1!M'3). 

''('Iiltteiiilpii  mill  WiK-liflEiinii  are  I'f  tiii.<  oiiliiliin  tlmt  llie  (iitiverHloii  of  Htiin'lt 
Into  ilcxti'lii  mill  siiKiU-  (diiiRtniM^)  ii*  nioi'e  vlfcoroas  In  tlie  preHenee  of  Hmnit 
(lunutlties  of  whIIiiiii  clilorlil  (0.24  i>ei'  <'eiit).  t^evornl  liivetitiKiitors.  |iroiiiliieiit 
miioiiK  wlinin  iii*e  i<|>reiieel  aiitl  Llelii)!.  Iiiive  xliowii  flint  viU'loiis  craikR.  niul  iimrp 
enpecliUly  liemm,'  iire  much  beiieliteil  liy  the  iiiiiiiiciitlon  of  siiinll  (iiinntitles  of 

PetlijIireilKe  (Hot.  ('eiitrnll)l..  Xo.  .«,  1001)  N  niitliorlty  for  tlie  ntateiiieiit 
tliiit  till-  dilor  of  nlteiit  leiives  Ik  intensified  when  soilium  oliloriil  is  ni»|>"e»i. 

S,  Snzuki  (Bill.  Coll.  Auric,  Tokyo,  5:  No.  2.  p.  UK))  8lio\ve<l  tliat  iiotnsshiiii 
!i«ll(l,  even  111  very  liluh  ililutions,  esertwi  a  stiniiiliitliig  iii-tloii  on  the  Ki-ovvtti 
of  file  It'll :  mwl  (iUiii,.  N...  4.  |k  473)  flint  lilliite  .inaiiHties  or  iiofitssliiin  uhUiI 
srl lit  11 1 1^0(1  oiils.  Itro[i|H>slt1<m  fo  th^ntf  Htlinuliifliif:  elTeetn  tlie  wtiiie  liivo^tiKii- 
fiii-  liiis  foniul  (iliiil..  Xo.  4, 'i>.  .-,1.1)  tlmt  v.-iiimlhi  Kulplintp.  evpn  In  very  rtllute 
(luiiiititii's.  jiroiliii-eil  little  or  no  Rflniulnllni:  iietloii  on  Imrley,  tbougli  lie 
stnles  tlant  a  very  wpnk  KtlimilnfinK  n'-fiiin  on  tlie  roots  speinetl  to  Iiave  taken 
|.|iii-e  in  Fi  0.01  vier  mill.'  of  viiiiiidln  siTlphiile.  lie  fiii-(lier  sliows  (ibid,,  Xo.  a> 
tlmt  |>!)tns.ulnin  ferrocyiuiiil  lU-ts  as  a  imlsoii  on  plants  In  water  cultures  even  In 
very  IiIkIi  illlutlons. 
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Iwhavior  when  brought  into  relation  with  snline  oi-  alkaline  soils. 
But  the  spet'ips  itwlf  may  include  ii  great  iinmlwr  of  ilitTei-ent  varie- 
ties or  rncesi,  aw  in  the  ciise  of  wheat.  It  is  nut  ennugli  to  know  that 
wheat  in  general  is  better  adapted  to  a  certain  region  because  of  soil  or 
climatic  conditions  than  is  Indian  corn  or  cotton,  but  in  addition  it  is 
necessary  to  know  which  of  the  many  varieties  of  wheat  is  best  suited 
to  that  region.  Such  knowledge  might  save  many  years  of  constant 
selection  with  a  view  to  acclimatization. 

Soils  are  often  known  to  contain  sodium  chlorid  or  magno^ium 
sulphate  or  some  other  salt  in  such  quantity  as  to  be  fatal  to  some 
varieties,  while  iiermitting  othei's  to  Honrish.  Xow,  it  lias  been  |)os- 
sible  by  these  experiments  to  determine  that  some  varieties  of  wheat 
are  much  more  resistant  to  a  particular  salt  than  others,  and  they  are 
the  ones  which  would  be  exiiected  a  priori  to  thrive  best  in  a  region 
where  that  salt  predominate-s,  other  conditions  being  equal.  Ity  some 
of  the  experiments  it  was  found  that  some  varieties  would  thrive 
equally  well  in  three  times  the  concentration  of  sodium  carbonate  as 
others.  A  simple  deduction  from  snch  results  would  bi'  that  for  a 
region  containing  large  quantities  of  '"'  black  alkali "  the  variety 
shown  to  have  the  greatest  resi.stiug  jwwer  should  be  selected. 

A  knowedge  of  the  limits  of  individual  variation  within  each 
variety  is  likewise  very  essential.  Often  the  most  resistant  varieties 
are  not  always  the  most  desirable  in  other  resjiects  and  a  sort  whi(rh 
is  less  resistant  would  be  preferable.  In  case  sucha  .sort  has  ii  great 
individual  variation  in  resistance  fo  salts  it  sliould  l»e  .compara- 
tively eas^-  to  introduc'e  it  by  gradual  selection  of  the  most  resistant 
individuals,  though  a  little  more  time  would  naturally  be  I'equirwl 
than  in  introilucing  a  variety  that  is  already  more  resistant,  as  a 
smaller  jjcrcentage  of  the  plants  would  survive  to  furnish  seed  for  the 
next  crop. 

It  is  believed,  therefore,  that  the  results  of  these  experiments  alTord 
additional  proof  that  the  adaptation  of  useful  cultivated  plants  to 
saline  or  alkaline  soil  conditions  is  one  of  the  most  promising  of 
plant -breeding  problems. 

81THUABY. 

(1)  The  salts  with  which  the  experiments  were  mmie  are  injurious 
to  wheat  seedlings  in  the  following  order:  Magnesium  sulphate, 
magnesium  chlorid,  sodium  carlionate.  sodium  biitirbonate,  sodium 
sulphate,  and  sodium  chlorid.  This  is  asserted  as  true  only  of  wheat, 
and  u  quite  different  order  might  possibly  be  estiil>liBhed  for  other 
plants. 

(2)  The  results  obtained  fi-om  a  few  individual  stH'dlings  are  inac- 
curate and  unreliable.     A  large  number  must  lie  tested  in  order  that 
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individual  variation  may  be  eliminated.  Usually  about  ten  days 
of  experiment  and  from  i'rO  to  100  seedlings  were  employed  to  estab- 
lish the  toxic  limit  for  each  variety  in  each  salt. 

(3)  Wheat  is  one  and  a  half  to  six  times  as  resistant  as  white 
lupine.'i,  according  to  the  salt  used.  In  sodium  bicarbonate  the  least 
and  in  magnesium  sulphate  and  sodium  carbonate  the  greatest  differ- 
ence in  resistance  l>etween  these  two  plants  is  shown. 

(4)  Different  varieties,  representing  the  two  extremes,  vary  in  the 
ratio  of  1  to  :J  in  their  resistance  to  the  toxic  effect  of  different 
salts.  This  is  especially  true  for  sodium  carbonate  and  magnesium 
chlorid.    In  magnesium  sulphate  they  vary  in  the  ratio  of  1  to  2. 

(5)  The  variety  most  resistant  as  a  whole  is  not  necessarily  the  most 
resistant  to  every  salt.  The  variety  that  averages  least  in  resistance 
may  be  twice  as  resistant  to  some  one  particular  salt  as  that  which 
averages  highest.  In  this  fact  may  lie  found  the  secret  of  selecting  a 
variety  for  a  localitv  where  tlie  soil  contains  an  excess  of  some  one 
salt. 

(6)  The  least  resistant  variety  is  not  always  the  least  resistant  for 
every  salt  used.  It  may  be  exceedingly  resistant  to  one  or  more  salts 
and  yet  have  a  very  low  sum  total  resistance. 

(7)  It  is  not  posisihle  fn>m  the  results  with  a  few  varieties  to  draw 
general  c<mclusions  for  all  sorts  of  wheat.  Each  will  have  to  be 
worked  out  for  itself. 

{H)  A'^arieties  which  come  from  localities  where  saline  salts  abound 
are  the  most  resistant  in  water  cultures  to  these  toxic  salts.  Varie- 
ties from  humid  regions  are  less  resistant. 

(9)  In  general,  the  more  toxic  the  salt  the  greater  is  the  ratio  of 
resistance  of  one  variety  to  another.  The  less  toxk;  the  salt  the 
smaller  is  the  ratio.  For  sodium  carbonate  and  magnesium  chlorid 
the  ratio  of  resistance  is  greatest,  being  as  1  to  3.  For  the  remaining 
salts  it  is  smaller. 

(10)  Individual  variation  is  more  prevalent  and  makes  the  estab- 
lishment of  the  toxic  limit  much  more  difficult  in  some  varieties  than 
in  others. 

(11)  All  the  salts  used  act  as  stimulants  in  dilute  solutions  except 
sodium  carbonate  and  sodium  chlorid.  which  were  neutral  even  in 
very  dilute  solutions.  In  some  ca,ses  the  elongation  in  dilute  solutions 
was  nearly  twice  that  occurring  in  the  controls  of  hydrant  water. 

(12)  Absolutely  pure  distilled  water  does  not  hinder  development, 
but  traces  of  zinc  are  sufficient  to  kill  the  root  tips  in  twenty-four 
horn's. 

(13)  The  economic  imjKirtance  of  these  results  is  based  upon  the 
fact  that  water-culture  experiments  may  be  a  means  for  saving  several 
years  of  selection  by  indicating  whether  a  certain  variety  is  adapted 
to  soil  conditions  in  a  particular  region. 
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publication  as  Bulletin  No.  SO  of  the  serieH  of  thlM  Bureau,  the  accom- 
jBinying  iiuinuscript  entitled  "Agricultural  Explorations  in  Algeria." 
This  paperwas  prepared  by  Thomas  II.  Kearney,  Physiologist,  Vege- 
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Industry,  and  Tlionias  H.  Mcanp>,  at  that  time  in  charge  of  Soil  Survey, 
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the  explorations  derfcribed  were  c«»nducted,  with  a  view  to  its  publication. 
The  four  half-tone  plates  are  necessary  to  a  complete  understanding 
of  the  text  of  this  bulletin. 

Respectfully,  B.  T.  Galloway, 

Ch!,-f  of  Bureau. 
Hon.  James  WiiaoN, 

Hfiuretary  of  Agricidture. 
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PREFACE. 


While  the  agricultural  explorers  sent  out  by  this  Office  are,  as  a 
rule,  sent  for  the  purpose  of  securing  some  special  seeds  or  plants 
desired  for  introduction  into  the  United  States,  they  are  also  expected 
to  make  themselves  as  familiar  as  possible  with  the  agricultural  prac- 
tices of  the  countries  they  visit  and  with  the  crops  that  succeed  under 
the  conditions  described.  That  -some  of  the  practices  observed  may 
be  profitably  followed  in  those  parts  of  the  United  States  having  simi- 
lar soil  and  climatic  conditions  is  more  than  probable,  and  that  certain 
of  these  crops  will  prove  useful  has  already  l)een  demonstrated. 

The  American  famior  of  to-day  wants  to  know  what  is  being  done 
elsewhere,  and  he  i.s  especially  intei-ested  in  hearing  how  other  people 
meet  difficulties  similar  to  those  with  which  he  has  to  contend.  The 
reports  of  our  agricultural  explorers,  we  believe,  will  therefore  fill 
a  distinct  piai'e  in  agricultural  litoruture.  This  report  points  out 
clearly  the  close  similarity  in  climate  existing  between  certain  portions 
of  the  Southwestern  States  and  Algeria,  making  it  plain  that  we  must 
look  to  that  country  for  the  introduction  of  many  useful  plants  into 
our  arid  and  semiarid  districts. 

We  have.  indeR<l,  already  availed  ourselves  of  the  opportunities  thus 
offered.  The  date  palms  so  far  secured  have  come  largely  from  Alge- 
ria; certain  grains  from  that  country,  now  Ijieing  tested,  give  promise 
of  unusual  value;  and  the  writers  of  this  report  brought  back  a  quan- 
tity of  alfalfa  seed  from  salt-resistant  plants,  which  has  already  been 
tested  and  gives  promise  of  decided  usefulness  in  Arizona  and  Cali- 
fornia. 

To  throw  as  much  light  as  possible  upon  the  conditions  under  which 
crops  are  grown  in  Algeria,  chaptei"s  upon  the  topogmpby,  climate, 
irrigation,  and  soils  are  included.  The.se,  together  with  the  brief  his- 
torical and  political  skrt<'li,  have  been  prepared  by  Thomas  11.  Means. 
The  remainder  of  the  report  was  written  by  Thomas  II.  Kearney. 

The  writers  wish  to  acknowledge  the  services  coixlially  rendered 
them  by  the  following-named  gentlemen  in  the  prosecution  of  their 
work;  Mr.  Henri  Vignaud,  of  the  United  States  emba.ssy  in  Paris; 
the  Governor-(!eneral  of  Algeria,  and  the  French  liesident  at  Tunis; 
Dr.  L.  Trabut,  of  the  botanical  service  of  the  government  of  Algeria; 
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the  Commandiint  of  the  Bureau  dcs  Affaires  Indigenes  at  Algiers;  the 
coniniandaDts  of  the  military  circles  of  Biskra  and  Tougourt;  Lieu- 
tenant Ber^ud,  Chef  du  Bureau  Arahe  at  the  latter  place;  M, 
Colombo,  of  the  Coiupagnie  de  I'Oued  Rirh  at  Biskra;  Mr.  Daniel  Kid- 
der, United  States  consul  at  Algiers;  M.  Vilmorin,  of  the  seed  Hrm  of 
Vilmorin-Andrioux  &Co.,  and  M.  Emerich,  agent  of  that  tirm  for 
America. 

A.  J.   PlETBRS, 

Botaniat  in  Charge. 
OFncE  OP  Seed  and  Plant 

J STK01>U<TI0N    AND    DISTRIBUTION, 

Wu«h!nyt,m,  I).  V.,  Fehrwiry  17,  1906. 
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AGRICULTURAL  EXPLORATIONS  IN 
ALGERIA. 


INTSODTTCTION. 

The  principal  object  of  the  writers'  visit  to  Algeria  was  to  secure  for 
trial  in  the  "  alkali  "  lands  of  the  wewtern  United  States  seed  of  such 
of  the  important  field  crops  as  iiiijrht  show  indication  of  an  unusual 
degree  of  resistance  to  salt  in  the  soil.  There  was  reason  to  believe 
that  in  northern  Afrini,  if  anywhere  in  the  world,  useful  plants  would 
be  found  to  have  developed  such  resistance  through  long  cultivation  in 
saline  soils  under  a  dry,  hot  climate. 

Agriculture  is  too  new  in  the  arid  part  of  America  to  make  it  likely 
that  races  in  which  the  quality  of  resistance  to  "alkali"  has  become 
fixed  should  as  yet  have  arisen  there  without  direct  efforts  to  breed 
theui.  Hut  in  the  Sahai-a  Desert,  and  in  adjacent  regions,  all  the  con- 
ditions are  favorable  to  the  production  of  such  i-aces  through  natural 
selection.  There  we  find  the  greatest  continuous  body  of  desert  land 
in  the  world.  The  cultivated  soils  and  tlie  water  used  in  irrigation 
often  contain  an  excess  of  .soluble  salts.  Finally,  agriculture  has  been 
practiced  there  for  thou.sands  of  yeai-s,  and  well-marked  varieties  of 
various  cultivated  plants  have  been  developed. 

As  a  matter  of  fact,  it  is  already  known  to  the  Department  of  Agri- 
culture that  such  salt- resistant  races  exist  in  northern  Africa.  Sev- 
eral of  the  agri<'ultui'al  explorers  sent  out  hy  the  Department  have 
reported  this  to  be  tnie  of  Algerian  wheat^^  and  Imrleys.  Mr.  W.  T. 
Swingle  brought  hack  with  him  from  the  oases  of  the  Sahara  seed  of 
alfalfa  that  was  gixjwing  in  soils  containing  a  high  percentage  of  salt. 
It  was  desirable,  however,  to  determine  just  how  resistant  this  Alge- 
rian alfalfa  is  and  to  obtain  a  larger  quantity  of  the  seed,  in  order  that 
it  could  be  fairly  tested  in  the  southwestern  United  States. 

It  is  believed  tliat  tiiis  object  was  accomplished.  The  fact  that 
alfalfa  in  the  oases  withstands  a  greater  amount  of  soIid>le  salts  in  the 
soil  than  ordinary  American  alfalfa  was  established  beyond  reasonable 
question.  A  sufficient  quantity  of  seed  was  obtained  to  insure  a 
thorough  trial  of  it  in  parts  of  our  country  where  a  similar  climate 
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prevails.  At  tlic  same  time  a  careful  search  was  made  in  i 
parts  of  Algeria  for  -such  other  cultivated  plants  aa  might  prove 
useful  for  salt  soils.  Incidentally  the  writers  procured  all  possible 
information  as  to  the  i'harm:ter  of  the  saline  soils  of  Algeria,  the  way 
in  which  they  ai-e  handled,  and  such  attempts  as  have  been  made  to 
reclaim  them. 

The  coast  region  of  Algeria  strikingl}'  resembles  the  correspondinjj 
part  of  California  in  climate,  in  phj'siography,  and  in  the  crops  grown. 
The  interior  of  California,  and  of  the  extreme  southwestern  United 
States  generally^  corresponds  in  many  ways  to  the  steppe  and  the  desert 
regions  of  northern  Africa.  It  is  true  that  in  some  respects  agricul- 
ture has  reached  a  more  advanced  stage  of  development  in  California 
than  in  Algeria;  yet  there  arc  prolmbly  some  matters  in  which  the 
Fremih  colony  can  give  lessons  to  the  American  State.  For  this  reason 
itseems  advisable  to  present  a  sketch  of  Algerian  agriculture  as  a  whole, 
in  addition  to  a  more  detailed  account  of  the  special  subjects  which  the 
writers  were  sent  out  to  investigate.  The  writers'  stay  in  Algeria  was 
limited  to  one  month,  from  July  2{>  to  August  2ll,  1902,  It  is  fully 
realized  that  this  length  of  time  was  entirely  inadequate  for  anything 
like  a  thorough  study  of  agriculture  in  the  colony,  especially  as  the 
mild  winter  pennits  crops  to  bo  grown  at  all  seasons  of  the  year.  The 
date  of  the  widters'  visit  to  Algeria  was  determined  partly  by  the 
necessity  of  reaching  Kgypt  in  time  to  study  (lotton  at  the  height  of 
its  development,  and  partly  by  their  desire  to  visit  the  oases  of  the 
LSabara  at  the  season  when  the  seed  crop  of  alfalfa  is  being  made. 
The  information  they  could  obtain  by  direct  observation  waa  neces- 
sarily fragmentary  in  the  extreme.  To  supplement  this,  recourse  has 
been  had  to  the  rather  extensive  literature  of  Algerian  agriculture. 
In  the  prei>aration  of  this  report  the  excellent  work  of  Battandier 
and  Trabut,  entitled  '"L'AIgijrie"  (Paris,  1S98),  has  been  freely  con- 
sulted. Much  information  has  also  been  drawn  frem  papers  upon 
special  subjects  by  lloi^tor  Trabut  and  others."  from  the  important 
"  Manuel  Pratique  de  TAgriculteur  Alg^rien  "  (Paris,  1900)  of  Rinere 
and  Lecq,  and  from  various  other  sourecs. 

TOPOGRAPHY. 

The  French  colony  of  Algeria  is  situated  in  northern  Africa,  between 
Moro<'co  on  the  west  and  Tunis  on  the  ea.st.  In  general  outline  it  is 
a  i-cctangle,  of  which  the  greatest  length — that  from  east  to  we.st — is 
altout  11.50  miles.  The  area  of  Algeria  is  about  23fl,()lMJ  square  mile^,  of 
which  approximately  20,000,000  acres  are  under  cultivation.  The 
Mediterranean  forms  the  northern  boundarv,  while  on  the  south  the 
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frontier  extendi  well  into  tlie  great  desert  of  Sahara,  the  present 
outposts  being  from  3tH>  to-500  miles  from  the  coaat. 

The  vast  desert  to  the  southward  cuts  off  Algeria  physically  as  well 
au  politically  from  tropical  Africa.  The  influence  of  the  sea  upon  its 
climate  and  the  fact  that  almost  unbroken  overland  communication 
with  Europe  by  way  of  Morocco  and  Gibraltar  has  always  been  easy 
make  Algeiia  rather  an  outpost  of  Euroi>e  than  an  integral  part  of 
Africa.  In  climate,  physiography,  flora,  and  agriculture  Algeria  is 
closely  related  to  the  countries  tliat  Iwrder  the  northern  shore  of  the 
Mediterranean — Spain,  southern  France,  and  southern  Italy.  Indeed, 
geologists  tell  ua  that  northern  Africa  was  separated  from  southern 
Europe  at  only  a  comparatively  recent  period. 

The  |»art  of  the  United  States  which  Algeria  most  nearly  resembles 
is  California.  The  climate,  agriculture,  and  state  of  development  of 
the  two  countries  are  remarkably  similar.  In  their  general  aspects 
they  are  much  alike.  In  l)oth,  the  coast  region,  being  limited  to  a 
nari-ow  strip  by  a  range  of  mountains  that  parallels  the  soushore,  has 
a  comparatively  mild,  equable  climate.  In  both  countries  this  zone  is 
preeminently  adapted  to  fruit  gi-owing.  Citru.f  f  mitw,  olives,  tigs,  and 
vines  flourish  there.  A  striking  analogy  exists  between  the  great 
plain-like  valleys  of  Algeria,  occupied  largely  by  vineyaixls  and  fields 
of  cereals,  and  the  San  .)oai}uin  and  Sacramento  valleys  of  California. 
Finally,  the  conditions  obtaining  iu  the  Desert  of  Sahara  are  in  great 
part  r(!proiluced  in  the  Colorado  and  Mohave  deserts.  But  to  the 
steppe  or  high  plateau  region  that  occupies  the  central  part  of  Algeria 
it  would  be  more  difficult  to  find  a  counterpart  in  California,  portions 
of  Nevada,  Arizona,  and  New  Mexico  presenting  a  closer  resemblance. 

If  we  take  into  consideration  biological — including  agricultural- 
conditions,  as  well  as  the  topographical  feature's  of  the  country,  there 
are  three  principal  regions  into  which  Algeria  can  be  divided  for  con- 
venience of  desc^ription.  These  are  (1)  the  coast  region,  extending  to 
the  crests  of  the  scries  of  mountain  ranges  which  follow  the  coast, 
(2)  the  high  plateau  or  steppe  region,  occupying  the  central  portion  of 
the  colony  between  the  two  great  mountain  sj'stems  and  comprising  the 
southern  slope  of  the  northern  ranges  and  the  northern  slope  of  the 
southern  chains,  and  (3)  the  desert  region,  comprising  the  Algerian 
Sahara  and  the  southern  slopes  of  the  mountain  system  which  forms 
the  northern  boundary  of  the  Sahara, 

The  second  and  third  regions  are,  on  the  whole,  more  homogeneous 
than  the  first,  or,  at  any  rate,  their  agricultural  importance  is  too 
small  to  make  it  desirable  to  subdivide  them.  Three  sul>divisionB  of 
the  coast  region  arc,  however,  to  be  recognized,  (1)  the  littoral  zone, 
comprising  the  immediate  coast  and  the  lower  slopes  of  the  hills  and 
mountains  which  border  it,  {'2)  the  valley  and  plain  zone,  comprising 
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the  larger,  often  plain-like,  valleys  of  the  coast  region  which  lie  inside 
the  line  of  hills  that  follows  the  seashore,  and  (3)  the  mountain  zone, 
incliiditig  the  higher  elevations  of  the  coaat  region  southward  to  the 
crest  of  the  ranges  that  form  the  northern  boundary  of  the  high 
plateau  region. 

OOAST  REQION. 

The  "Tell,''  as  the  coast  region  is  known  among  the  Arabs,  is,  from 
an  agricultural  point  of  view,  the  most  important  part  of  Algeria. 
A  great  propoi-tion  of  it  is  capable  of  cultivation.  It  has  been  esti- 
mated that  a  population  of  12,000,001)  could  be  supported  in  this 
I'ogion  alone.  It  strikingly  resembles  the  Mediterranean  coast  of 
Europe,  and  is  no  less  close  in  its  likeness  to  the  coast  region  of  Cali- 
fornia, so  that  a  description  of  one  will  answer  in  many  respects  for 
both.  The  immediate  seashore  is  bordered  by  hills  and  mountains, 
such  as  the  Sahel  of  Algiei-s,  the  lower  slopes  of  which  are  occupied 
largely  by  orchards  and  vineyards.  In  the  higher  elevations  in  the 
mountains  agriculture  is  more  difficult.  Here  there  are  extensive 
areas  of  grass  land,  gi-azed  by  flocks  and  herds,  and  important  forests. 
Opening  Itack  from  the  coast  and  mainly  parallel  to  it  are  a  number  of 
large  valleys.  Some  of  these,  like  the  Mitidja,  near  Algiers,  and  the 
Cheliff,  in  the  western  iBirt  of  the  colony,  arc  so  extensive  and  so  level 
of  surface  as  to  be  pmctically  plains  with  gi'eat  areas  of  cereals  and 
vineyards.  The  San  Joaquin  and  Sacramento  valleys  in  California 
are  remarkably  like  these  great  valleys  of  Algeria.  Smaller  valleys, 
like  the  Mina  and  the  Ilabra,  where  the  bordering  ranges  of  hills  and 
mountains  are  not  so  far  apart  and  there  is  less  level  surface,  may  be 
compaied  to  the  Santa  Claia,  Pajaro,  and  Salinas  valleys  in  California. 

These  valleys  and  the  lower  slopes  of  the  hills  and  mountains  are 
the  most  highly  cultivated  part  of  the  country,  and  support  the  densest 
population. 

The  more  distinctively  mountainous  regions  are  ,  naturally  less 
a<lapted  to  agriculture;  jet  in  the  country  known  as  Great  Kabylia, 
the  "Switzerland  of  Algeria,"  which  contains  the  highest  mountains 
of  the  colony,  there  is  a  very  large  population,  the  greater  part  of 
which  is  devoted  to  farming.  This  district  lies  to  the  east  of  Algiers. 
It  forms  an  arc,  of  which  the  Djurdjura  range  of  mountains  is  the 
chord  and  the  seacoast  is  the  circumference.  For  a  long  distance  the 
crest  of  the  Djurdjura  range  does  not  fall  below  4,000  feet,  while 
there  are  several  peaks  that  exceed  7,000  feet  in  elevation.  Leila 
Khedidja,  the  highest  summit,  has  an  altitude  of  7,611  feet.  Between 
this  great  chain  and  the  coast  there  is  a  succession  of  high  ridges  sep- 
arated by  deep,  narrow  valleys  and  gorges.  Anyone  who  has  .seen 
both  regions  will  be  struck  by  the  resemblance  between  Great  Kabylia 
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and  the  Santa  LiicU  Moimtuinrj  district  of  the  western  part  of  Monterey 
County,  in  California. 

Numerous  streams  arise  in  the  niountaius  of  the  coast  region,  trav- 
erse the  Tell,  and  empty  into  the  sea.  Most  of  these  are  torrents, 
discharging  large  volumes  of  water  in  winter,  but  in  sunmiftr  dwin- 
dling to  mere  rivulets.  Not  infrc([uently  no  water  is  to  be  seen  in  the 
channel,  but  in  that  case  it  is  generally  to  be  found  under  the  bed  of 
the  stream.  Owing  to  their  relatively  great  fall,  and  the  denuded 
condition  of  much  of  the  soil,  the  amount  of  erosion  accomplished  hy 
Algerian  water  courses  is  disproportionately  large.  These  character- 
istics are  especially  marked  in  western  Algeria.  In  the  eastern  part 
of  the  colony,  where  the  rainfall  is  better  distributed  and  more  of  the 
surface  of  the  country  is  forested,  the  flow  of  the  streams  is  more 
regular.  The  small  importance  of  Algerian  water  courses  is  doubtless 
to  be  accounted  for  by  the  fact  that  moat  of  the  precipitation  occurs 
on  or  near  the  coast,  while  the  interior  of  the  country  is  extremely 
arid. 

Only  one  river  of  the  Tell  region  also  traverses  the  high  plateau 
region.  That  is  the  Cheliff,  the  most  important  water  course  in  Alge- 
ria, which  rises  in  the  mountains  that  ))order  the  Sahara  on  the  north. 
It  has  a  total  length  of  about  330  miles,  draining  an  area  of  about 
T.-ottOjOOO  acres.  Its  flow  in  summer  is  only  100  to  176  cubic  feet  per 
second,  although  in  winter  from  500  to  U,000  cubic  feet  are  discharged. 
It  is  obvious  that  only  a  small  portion  of  the  valley  of  the  Ch<?Uff  can 
be  irrigated  throughout  the  year,  Not  even  this  stream  is  navigable, 
except,  near  its  mouth,  for  small  boat^. 

HIGH  PLATEAU  OB.  STEPPE  BEOION. 

Between  the  two  chief  mountain  systems  of  Algeria  extends  a  vast 
region  of  elevated  plains,  with  an  average  elevation  of  a  little  more 
than  3,O00  feet  above  soa  level.  The  gi-eatest  width  of  the  high  pla- 
teau in  Oran  Dei>artment  is  alnjut  V25  miles,  whence  it  diminishes  gnul- 
ually  toward  the  east  until  on  the  frontier  of  Tunis  a  narrow  river  valley 
is  all  that  remains.  In  topogmphy,  and  to  some  extent  in  vegetjition, 
this  region  greatly  resembles  parts  of  Nevada  and  New  Mexico.  In 
its  widest  part  it  consists  of  a  gently  rolling  expanse,  sometimes  with- 
out a  hill  to  break  the  monotonous  horizon.  In  other  places  isolated 
mountain  groups  rise  like  islands  out  of  the  sea.  Near  its  noilhorn 
and  southern  borders  spurs  from  the  mountain  chains  that  bound  it 
extend  into  the  plain.  Toward  the  east  the  mountains  are  higher  and 
approach  nearer  t<^ethev.  In  the  Department  of  Constiintine  the  dis- 
tinctive character  of  the  high  plateau  is  lost,  and  it  bienks  up  into  a 
series  of  valleys  a  few  miles  wide,  with  gentlj'  sloping  sides,  separated 
'jy  high  hills  and  mountains.     The  great  masses  of  the  Aures  and 
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lliibors  groups,  which  horder  tJiis  part  of  (he  region,  r«ach  altitudes 
of  7,tM»)  feet. 

A  marked  feature  of  the  steppe  region  is  the  frequently  occurring 
"dayas"  and  "chottii" — tialt  i>oiids  or  lake-s  without  outlet— which 
receive  the  drainage  from  the  southern  slopes  of  the  coajjt  mountain-s 
and  the  northern  declivities  of  the  Saharan  range.  They  occupy  batnin- 
like  depressions,  and  are  often  dry  or  merely  marshy  in  summer,  their 
l>eds  being  then  covered  with  a  shining  crust  of  salt.  The  "  bolson  " 
plains  of  the  Sonoran  region  in  North  Amerii.'a  have  a  similar  hydn^- 
raphy. 

There  is  very  little  water  in  the  high  plateau  region  suitable  for 
drinking  or  for  the  irrigation  of  crops.  Occasional  wells  occur,  and 
here  and  there  ai-e  small  pools  where  sheep  and  cattle  drink.  As  a 
rule,  however,  travelers  in  this  region  must  carry  with  tliem  their  sup- 
ply of  drinking  water.  Attempts  to  find  artesian  water  have  generally 
l>een  unsuccessful. 

In  places  the  topography  of  the  steppe  region  becomes  almost  iden- 
tical with  that  of  the  desert — notably  where  ai-eas  of  sand  dunea  occur 
and  tlie  veget«tiori  is  very  scanty.  Such  localities  differ  from  the 
desert  proper  only  in  their  greater  elevation  and  more  severe  winter 
climate. 

DESEBT  REGION. 

A  considerable  [xirtion  of  the  largest  desert  in  tlie  world,  the  8ahara, 
lies  within  the  boundaries  of  Algeria.  Contrary  to  the  general  notion, 
the  mean  elevation  of  this  desert  above  sea  level  is  considerable,  being 
pliiced  by  some  authorities  as  high  as  1,540  feet.  Broadly  speaking, 
tlie  surface  of  the  desert  is  convex,  the  central  portion  being  generallj- 
higher  than  the  borders.  The  desert  is  commonly  pictured  as  a  vast 
billowy  expanse  of  sand  blown  alxiut  by  the  sirocco  and  dotted  with 
oaues.  This  conception  is  only  partly  true.  As  a  matter  of  fact,  the 
topogmphy  of  the  Sahara  is  as  diversified  as  that  of  most  areas  of  equal 
extent  in  other  parts  of  the  world.  In  this  respect  it  is  to  be  com- 
pared with  the  desert  regions  of  the  southwestern  part  of  the  United 
States,  The  Sahara  contains  mountains  nearly  7,000  feet  high,  upon 
whoso  summits  snow  remains  throughout  the  winter.  Other  parta  are 
consiilcriibly  below  sea  level.  JIuch  of  it*i  surface  is  broken  by  ranges 
of  .sand  dimes  and  of  rocky  hills,  between  which  lie  narrow  ravines  or 
wide  valleys.  In  other  quarters  extensive  plateaus  occur.  The  courses 
of  streams  that  must  once  have  i-arried  a  considerable  volume  of  water 
can  1)0  traced  in  many  places.  The  infrequent  rains  that  fall  in  the 
Sahara  sonietunes  fill  the  iHtttoms  of  these  channels  with  water  for  a 
few  brief  hours.  But  even  such  transient  torrents  can  effect  a  tre- 
mendous amount  of  erosion  in  the  loose  soiLs  of  the  desert,  there  being 
little  vegetation  to  hold  them  in  place.     Lakes  and  ponds  are  numer- 
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ous  in  the  lower  portion.  Hero  and  there,  hut  forming  only  a  small 
fraction  of  the  entire  area,  are  oases,  watered  hy  springs  and  wells, 
where  grovea  of  date  palms  flourish. 
Schirmer"  gives  a  gi-aphic  description  of  the  Sahara.  He  writes: 
The  deeert,  more  than  any  other  part  of  the  eurf8C«  of  the  globe,  has  the  appear- 
ance of  iiumobility.  The  implacable  climate  has  depopulated  the  land.  The  great 
plaine  have  an  aspect  of  atwolate  emptincea.  The  mountaioB  are  like  ekeletone  from 
which  the  sun  has  devoured  the  f1e«h.  The  dunes  look  Hke  solidified  waves  of  dull 
gold.  The  absence  of  sound  is  auch  that,  as  one  traveler  has  put  it,  "Onehearetbe 
silence."    Everything  appears  unchangeably  fixed  in  the  intense  light 

Pomel  estimates  that  only  about  one-ninth  of  the  total  area  of  the 
Sahara  is  covered  with  sand  dunes.  The  higher  dunes  occur  in  more 
or  less  regular  chains,  which  have  often  been  likened  to  the  waves  of  the 
sea,  caught  and  petrified.  These  sand  hills  sometimes  reach  a  height 
of  1,000  feet.  Smaller  dunes,  very  regular  in  their  rounded  outline, 
often  cover  extensive  areas,  as,  for  example,  Iretween  Biskra  and  the 
Melrirh  Chott.  Dunes  of  this  character  are  generally  formed  by  vari- 
ous desert  shrubs  and  herbs  tliat  are  able  to  send  up  new  shoots 
through  the  sand  which  drifts  over  them  from  time  to  time,  thus  con- 
tinually raising  the  height  of  the  dune.  The  largest  sand  hills  are 
often  formed  about  rocks  and  cliffs,  which  arrest  the  drifting  sand. 
The  soil  of  tfae'dunes  is  a  hne  and  remarkably  homogeneous  sand. 

Conti-ary  to  the  general  notion,  the  larger  dunes  are  not  continually 
shifting  their  position,  but  are  sufficiently  permanent  features  of  the 
landscape  to  have  received  in  many  cases  names  that  are  handed  down 
by  the  Arabs  from  generation  to  generation.  For  this  reason,  and 
because  drinkable  water  and  vegetation  are  more  apt  to  occur  near  the 
dunes  than  elsewhere,  the  caravan  routes  in  the  Sahara  follow  the 
dunes  wherever  possible. 

In  western  Algeria  the  desert  is  high;  Hills  and  mountains  of  sun- 
scorched  rock,  with  smooth  surfaces  and  sharp,  unworn  edges,  rise  out 
of  stony  plains.  Jagged  cliffs,  oftan  of  the  most  fantastic  form,  stand 
sentinel  over  the  deep  canyons  and  goi^es  that  have  been  cut  out  by 
occasional  torrents.  Oases  are  few  and  far  between.  This  is,  indeed, 
the  most  barren  and  inhospitable  part  of  the  desert. 

Toward  the  east  the  altitude  of  the  desert  decreases  until,  near  the 
frontier  of  Tunis,  a  region  of  cbotts,  or  salt  lakes,  lying  below  sea 
level,  is  reached.  During  most  of  the  year  the  bottoms  of  these  basins 
are  dry  or,  at  most,  muddy  beneath  a  crust  of  glittering  white  salt, 
which  gives  rise  to  remarkable  displays  of  mii-age.  But  during  the 
winter  they  are  partly  filled  by  streams  that  descend  from  the  moun- 
tains on  the  west  and  north.  The  eastern  part  of  the  Sahara  in  Alge- 
ria is  mainly  flat  or  gently  rolling.     Its  surface  is  covered  with  sand, 

°Schiniier,  Le  Sahara,  p.  139  (1S93). 
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often  collected  into  dunes  of  greater  or  less  size  (erg).  There  are 
also  extensive  areas  where  the  nearly  ptape  aarbteB  ia  eampBo&d  of 
smooth  rock  or  b&nleDed  allavial  clay  (bamada). 

A  great  ralley,  some  60  miles  long  and  about  12  miles  wide,  known 
am  the  "Oued  Kirh,"  forms  the  most  valuable  portion  of  the  Haharaof 
Algeria.  It  is  really  the  bed  of  an  extinct  river.  It  is  largely  below 
or  only  slightly  above  sea  level,  the  maximum  depression— the  exten- 
sive salt  lake  known  as  "Chott  Melrirh"— being  107  feet  below  sea 
level.  Subterranean  streams  of  considerable  volume  tiiiderlie  the 
surface  in  this  region.  These  are  doubtless  fed  by  water  which  flows 
down  from  the  mountains  and  sinks  through  the  desert  sands  until  it 
meets  an  impermeable  layer  of  clay  or  of  rock,  over  which  it  flows. 
The  Oued  Kirh  Valley  has  been  described  as  a  '^sniall  Egypt  with  a 
subtermnean  Nile/*  By  means  of  wells  this  wat«r  has  been  utilized 
in  the  creation  of  oases,  where  hundreds  of  thousands  of  date  paints 
flourish. 

The  idea,  once  generally  held,  that  the  entire  Sahara  is  the  l)ed  of 
an  ancient  sea  has  been  abandoned.  Only  for  the  part  known  as  -the 
Oued  Rirh,  a  small  fraction  of  the  whole  desert,  is  this  theory  still 
entertained  by  some  authorities.  Here  there  is  a  series  of  large  salt 
lakes,  some  of  them  below  the  level  of  the  sea,  which  extends  across 
Tunis  almost  to  the  Gulf  of  Gabes, 

CLIHATE. 

The  greater  part  of  Algeria  has  a  warm,  temperate  climate,  very 
similar  to  that  of  California.  The  climates  of  both  countries  are 
determined  in  large  measure  by  the  combined  influence  of  three  fac- 
tors— the  ocean,  the  mountains,  and  the  desert.  In  Algeria,  as  in 
California,  most  of  the  rainfall  occurs  during  the  mild  winter,  while 
the  long  summer  is  almost  perfectly  dry.  Furthermore,  the  direction 
of  the  prevailing  winds  at  diiferent  seasons  is  in  both  countries  largely 
effective  in  regulating  conditions  of  temperature  and  of  rainfall.  The 
lower  part  of  the  coast  region  has  a  wet  and  a  dry  rather  than  a  warm 
and  a  cold  season.  The  higher  mountains,  however,  and  the  high 
plateau  are  characterized  by  a  decidedly  cold  winter.  Algeria  would 
he  wholly  a  desert  were  it  not  for  the  n()rthwest  winds,  charged  with 
humidity,  which  blow  from  the  sea,  especially  during  the  winter  and 
spring.  Their  influence  is,  of  course,  most  nmrked  in  the  coast 
region,  which  has,  in  consequence,  the  heaviest  rainfall,  the  most 
humid  atmosphere,  and  the  most  luxuriant  vegetation  of  any  of  the 
three  zones. 

The  mountain  chains  which  follow  the  coast  line  intercept  a  lai^ 
part  of  the  moisture  carried  by  the  sea  winds,  so  that,  while  their 
northern,   seaward   slope   has  a  comimratively  heavy  rainfall,  thoir 
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southern  slopes  and  tbe  high  plateau  region  beyond  are  quite  arid. 
What  moisture  passes  across  the  mountains  of  the  first  .system  is 
largely  withdrawn  from  the  atmosphere  when  it  reaches  the  second, 
which  bounds  the  steppe  region  on  the  south.  Consequently,  the 
desert  beyond  receives  an  insignitivant  share  of  atmospheric  moisture 
from  the  Mediterranean. 

Winds  that  come  from  the  opposite  direction — out  of  the  Great 
Sahara— are,  of  course,  at  all  seasons  extremely  dry.  It  is  in  late 
summer— especially  in  September — that  the  dreaded  sirocco,  the  hot, 
sand-laden  wind  of  the  desert,  is  strongest  and  most  frequent.  Then 
it  Itlows  for  days  at  a  time  over  the  high  plateau  and  the  two  moun- 
tain ranges  that  form  its  boundaries,  into  the  Tell,  and  even  across  the 
Mediterranean  into  southern  Europe. 

The  three  princi[»l  physiographical  regions  coincide  with  the  most 
important  climatic  regions  of  the  colony.  For  a  further  examination 
of  this  subject  it  will  therefore  be  advisable  to  take  up  each  in  its  turn, 
beginning  with  the  coast  region,  or  Tell. 

In  the  tables  given  below,  climatic  data  from  Algerian  localities  are 
copied  from  Thevenet's  "Essai  de  Climatolo^e  Alg(!rienne."  For 
comparison,  data  from  various  places  in  the  western  United  States 
where  similar  conditions  obtain  are  also  included.  These  arc  taken 
from  publications  of  the  United  States  Weather  Bureau.  Much  infor- 
mation regarding  the  climate  of  Algeria  has  also  been  drawn  from  the 
excellent  little  work  of  Battandier  and  Trabut,  previously  mentioned. 
Owing  to  the  paucity  of  accurate  records  and  the  small  agricultural 
importance  of  the  high  plateau  region,  no  tables  are  given  for  that  part 
of  the  colony.  It  should  l>e  remarked,  however,  that  S6tif,  which  ha.« 
an  elevation  of  3,560  feet,  although  here  included  in  the  tables  for  the 
coast  region,  is  sometimes  considered  as  belonging  to  the  high  plateau, 
and  the  climatic  data  from  this  point  are  doubtless  fairly  applicable  to 
the  uncharacteristic  eastern  portion  of  that  region.  Again,  Bou 
Saada,  figures  from  which  locality  are  given  in  the  tables  of  climate 
of  the  desert  region,  really  belongs  to  the  extremely  desert-like  portion 
of  the  high  plateau. 

COAST  BSaiON. 

TBKPBRATTrBE. 

The  littoral  zone  of  the  coast  region  has  a  mild  winter,  resembling 
that  of  the  California  coast.  Temperatures  at  noon  of  70^  to  7.5^  K. 
for  fifteen  days  or  a  month  at  a  time  are  not  of  rare  occurrence  in 
winter.  The  temperature  never  descends  much  below  freezing,  and 
does  not  remain  at  that  point  for  any  length  of  time.  Still,  tempera- 
tures of  23°  F. ,  such  as  are  sometimes  recorded  by  thermometers  placed 
i  inches  above  the  surface  of  the  ground,  can  do  considerable  damage 
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to  the  winter  crops  of  garden  vegetables,  altboirgh  the  soil  itself  U 
never  frozen  to  any  considerable  depth.  The  cold  often  seems  more 
intense  than  h  actually  the  caj^e,  becHuue  of  the  hiiniidity  of  the 
atmosphere  and  the  lack  of  facilities  for  heating  the  hotiseii.  A  tem- 
perature of  45°  ¥.  is  considered  very  disagreeable.  A  few  miles  back 
from  the  shore  line,  behind  the  first  range  of  hiib,  for  example,  in  the 
Mitidja  plain,  near  Algiers,  light  frosts  are  frequent  and  have  been 
known  to  occur  as  late  as  May.  Snow,  which  has  never  remained  on  the 
ground  for  an  entire  day  at  Algiers,  has  lain  for  three  da^'s  to  a  depth 
of  7.5  inches  in  the  country  only  a  few  miles  back  from  the  coast. 

In  summer,  except  during  the  sirocco,  the  shade  temperature  of  the 
littoral  zone  mrely  exceeds  Sd'^  F.,  but  sometimes  ri-ses  to  105^  F, 
when  the  wind  from  the  desert  is  blowing.  At  such  times  the  nights 
are  often  as  hot  as  the  days.  The  moderate  summer  temperatures  are 
largely  due  to  the  sea  breeze,  which  rises  every  morning  at  about  10 
o'clock.  As  far  inland  as  the  influence  of  this  wind  is  felt  comimra- 
tively  mild  summer  temperatures  prevail. 

The  climate  of  the  littoral  zone  is  much  like  that  of  the  coast  of 
southern  Europe;  but  fall-sown  crops  matui'e  e\-en  earlier  than  there, 
by  reason  of  the  milder  winter  and  the  higher  temperatures  in  spring. 
Hay  is  harvested  in  May  and  cereals  in  June  in  this  zone. 

The  valley  and  plain  zone  of  the  coast  region  has  a  more  exti-eme 
climate  than  the  littoral  zone.  This  difference  has  already  been  indi- 
cated in  comparing  the  Mitidja  Valley  with  Algiers,  on  the  neighbor- 
ing coast.  -Tlie  great  Cheliff  Valley,  farther  west,  prejients  a  still 
more  marked  contrast.  Here,  owing  to  the  greater  dryness  of  the 
atmosphere,  frosta  are  more  frequent  and  more  severe  in  winter  and 
spring  than  along  the  coast.  On  the  other  hand,  in  summer  the  hilU 
which  bound  these  valleys  on  the  north  shut  off  the  .-wa  breeze,  and 
the  heat  is  consequently  more  intense.  Sunstroke  and  prostration 
from  heat  are  by  no  means  unknown  in  the  Cheliff  Valley,  Tbesiroceo, 
also,  is  more  severely  felt  than  in  the  littoral  zone,  which  is  partly 
protected  against  this  south  wind  by  the  rampart  of  hills  that  rises 
a  short  distance  back  from  the  shore.  More  elevated  places,  like 
S^tif,  have  even  severer  winters,  resembling  those  of  the  high  plateau 
region.  Sharp  frosts  are  frequent  as  late  as  April  and  May.  The 
summer  temperatures  are  often  very  high  in  the  daytime,  but  the  air 
i.s  fi-esher  than  in  the  valleys  and  the  night-*  are  nearly  always  cool. 

The  mountain  zone  of  the  coast  region  is  not  dissimilar  in  climate 
to  mountainous  regions  of  southern  Kurope.  The  winter,  especially 
at  the  higher  altitudes,  is  much  more  severe  than  in  the  littoral  zone. 
On  the  crest  of  the  Djurdjui^a  range,  at  7,(MK)  feet  elevation,  snow 
often  reaches  a  depth  of  3i  feet  and  remains  on  the  ground  until  the 
latter  part  of  July.  The  summer  temperatures  are  almost  invariably 
moderate  in  the  mountain  region,  except  when  the  sirocco  is  blowing. 
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The  smnller  relative  humidity  also  contributes  toward  making  the 
summer  <-limate  an  aprreealjle  one.  Springs  with  a  mean  annual 
temperature  of  45'^  or  60°  F.  are  not  infrequent  at  high  elevations  in 
the  Djurdjura  range. 

Table  l.—Mean  lemperiUiim  (in  dej/reft  Fahrenh^)  of  loealltUt  m  the  coa»l  regwa 
of  Algeria,  a.  '     '"  '"     "  ''•      ■ 
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A  comimriMon  of  the  temperatures  of  localities  in  Algeria  and  in 
California,  a.s  given  in  Table  1,  is  instructive.  Of  the  Algerian 
.stations,  Oran  and  Algier.s  are  situated  on  the  seaboard,  the  first  in 
western,  the  second  in  central  Algeria.  Data  from  these  localities 
should  be  representative  of  conditions  along  the  coast,  except  in  the 
extreme  eai^tern  part  of  the  <'olony.  With  them  are  to  be  compared 
San  Francisco,  t^n  Luis  Obispo,  and  Los  Angeles,  representing  the 
coast  of  California.  Orl^an-sville  is  the  metropolis  of  the  great  valley, 
or  rather  plain,  of  the  Ch^liff,  the  most  important  of  the  large  inland 
^■alleys  of  the  coast  region  in  Algeria.  S^tif,  as  has  already  been 
remarked,  lies  .south  of  the  mountain  chain  that  bounds  the  coast 
region,  and  has  an  elevation  of  over  3,000  feet.  Topographically, 
and  in  some  of  its  climatic  peculiarities,  it  belongs  rather  to  the  high 
plateau  than  to  the  coast  region,  although  agriculturally  it  is  more 
noai-ly  related  to  the  latter.  Fresno  and  Sacramento  are  representa- 
tive points  in  the  two  great  interior  valleys  of  California — the  San 
Joaquin  and  the  Sacramento.  They  should  afford  an  interesting  com- 
parison, especially  with  Orl^ansville.  Fort  National,  at  an  elevation 
of  over  3,000  feet,  in  the  heart  of  the  most  mountainous  region  of 
Algeria,  is  to  be  compared  with  Colfax,  in  the  foothills  of  the  Sierrii 
Nevada,  north  of  the  center  of  California. 

Omn  has  the  same  mean  yearly  temperatxire  a.s  Loa  Angeles,  but 
has  higher  mean  temperatures  for  the  summer  and  lower  for  the  win- 
ter months,  so  that  Los  Angeles  has  the  more  equable  climate.  At 
Algiers  the  yearly  mean  temperature  is  not  very  different  from  that 
at  Oran,  hut  the  mean  temperatures  for  the  winter  months  are  gen- 
erally higher.     San  Francisco  and  San  Luis  Obispo  fall  considerably 
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below  the  Algerian  coast  towns  in  yearly  mean  temperature.  The 
mean  temperatures  for  the  summer  months  also  are  decidedlj  lower 
at  the  California  localities.  The  mean  temperatures  in  winter  cor- 
respond more  closely. 

Orl^anijville  shows  a  remarkable  resemblance  in'distribution  of  tem- 
peratures to  the  similarly  situated  town  of  Fresno,  in  California,  and 
in  this  repect  somewhat  less  to  Sacramento.  In  yearly  mean  tempera- 
ture, however,  OrI6an.sville  is  nearer  Sacramento.  S<5tif,  aa  would  be 
expected,  differs  considerably  from  Orli^ansville,  Fresno,  and  Sacra- 
mento in  yearly  and  monthly  means  of  temperature.  Its  resemblance 
to  the  high  plateau  is  expressed  in  the  fat^t  that  the  nights  are  always 
cool  in  summer  and  the  winter  temperatures  are  low,  falling  at  times 
to  12"  F.  The  mountain  stations,  Fort  National  and  Colfax,  show  a 
close  approximation  in  monthly  and  yearly  mean  temperatures. 


The  relative  atmospheric  humidity  in  the  littoral  zone  is  fairly 
uniform  throughout  the  year.  Owing  to  the  proxiniitj'  of  the  aea  it 
is  at  alt  seasons  considerable,  the  average  for  the  year  being  73  per 
cent.  This  condition  of  humidity  is  interrupted  only  when,  generally 
in  late  summer  and  in  early  autumn,  the  sirocco  blows  for  a  day  or 
more  at  a  time.  The  humidity  is  far  greater  in  the  eastern  than  in 
the  western  part  of  the  colony.  The  large  percentage  of  moisture  in 
the  atmosphere  causes  the  discomfort  from  cold  in  winter,  and  from 
heat  in  summer,  to  be  out  of  all  proportion  to  the  actual  temperature. 

The  dry  season,  so  far  as  the  littoiul  zone  is  concerned,  owes  its 
character  to  the  lack  of  actual  precipitation  rather  than  to  the  a1)sen<% 
of  humidity  in  the  air.  Night  fogs  are  frequent  when  east  or  northeast 
winds  are  blowing,  and  in  August  it  is  often  9  oVIock  in  the  morning 
before  they  disappear.     Dew  is  also  copious  at  this  season. 

Atmospheric  humidity,  like  preeipitation,  decreases  as  one  goes  far- 
ther from  the  coast.  It  is  already  perceptibly  less  in  the  mountains 
and  in  the  great  valleys  of  the  coast  region  than  along  the  seaboard. 

PBBCIPITATIOH. 

In  Algeria  precipitation  is  almost  synonymous  with  rainfall,  except 
in  the  higher  mountains,  for  elsewhere  the  amount  of  precipitation  in 
the  form  of  snow  is  unimpoitant.  Hailstorms  are  fairly  frequent, 
occurring,  on  an  avei^age,  seven  times  a  year.  Market  gardens  of  the 
littoral  zone  sometimes  suffer  severely  from  spring  hailstorms,  and,  in 
exceptional  localities,  vineyards  and  orchards  are  occasionally  dam- 
aged. Hail  is  more  important  for  this  reason  than  as  contributing 
much  to  the  total  precipitation. 

In  the  coast  region  of  Algeria,  as  in  many  warm  temperate  and 
tropical  countries,  the  distribution  of  the  rainfall  is  more  important 
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than  that  of  hcHt  in  deteimining  the  oharucteristica  of  the  principal 
Kcasons  of  the  year.  Its  distribution  is  largely  controlled  liy  the 
direction  of  the  prevailing  wiiid».  In  winter  strong  northwest  winds, 
blowing  from  the  Mediterranean,  are  of  frequent  occurrence  and  bring 
most  of  the  rainstorms.  They  begin  in  the  autumn,  sometimes  as 
early  as  the  6rstof  September,  and  usually  cease  in  May  or  June. 
Even  in  midwinter,  however,  a  clear  sky  for  fifteen  or  thirty  days  at 
a  time  is  not  a  rare  event.  During  the  Kummer  there  h  a  light  sea 
bi-eeze  during  the  day,  but  winds  of  greater  violence  come  almost 
wholly  from  the  south,  and  are  dry  and  hot. 

More  rain  falls  annually  on  the  coast  of  Algeria,  especially  on  the 
eastern  coast  between  Algiers  and  Tunis,  than  in  a  great  {mit  of 
Europe.  Notwithstanding  this,  Algeria  has  a  decidedly  more  arid 
summer  than  any  part  of  Europe,  except,  jierhaps,  extreme  southern 
Italy  and  portions  of  Spain.  This  i.s  due  to  the  une<|UHl  distribution 
of  the  rain  among  the  different  seasons. 

In  the  littoral  zone  winter  is  a  wet  i-ather  than  a  cold  season.  It  is 
then  that  most  of  the  native  vegetation,  as  well  as  crops  that  are  not 
irrigated,  nmst  nmke  their  growth.  The  dry  season  is  a  (JcritHi  of 
rest  for  soils  that  are  not  artificially  watered.  Light  showers  of  brief 
duration,  such  as  occajsionally  fall  during  the  summer,  are  of  small 
importance  in  their  effect  upon  the  climate  and  vegetation.  In  the 
large  inland  valleys  of  the  coast  region  the  summer  drought  is  still 
more  pronounced  than  on  the  coast. 

In  the  mountain  zone,  particularly  at  the  higher  elevations,  min  is 
more  evenly  distributed,  and  the  seasons  are  more  like  those  of  middle 
Europe.  The  i-ainfall  in  March  and  April  is  particularly  heavy.  In 
Great  Kabylia  thunderstorms  and  hail,  which  in  the  littoral  zone 
owur  only  in  winter,  are  not  infre<{uent  throughout  the  summer. 
This,  with  the  ]>artial  protection  from  the  sirocco  affordott  by  the 
higher  mnges,  makes  the  summer  drought  less  pronounced  than  in  the 
littoral  zone  and  in  the  valley  and  plain  zone.  But  the  total  amount 
of  precipitation  in  summer  is,  after  all,  comparatively  insignificant. 
Even  in  the  mountains,  summer  retains  its  charactcristii-K  as  the  dry 
season  of  the  year.  In  winter  the  rainfall  is  quite  consideraltle.  The 
northern  slopes  of  the  Djurdjui-a  range  receive  the  heaviest  precipita- 
tion occurring  in  the  country— over  iO  inches  a  year.  These  high 
mountains  form  a  barrier  which  intercepts  most  of  the  chmd-ladcn 
winds  from  the  sea,  so  that  the  country  uumediately  to  the  south  of 
them  is  extremely  arid. 

Rainfall  is  very  unevenly  distributed  in  different  parts  of  the  coast 
region  and  even  of  the  littoral  zone  proper.  One  rea,son  for  this  is 
the  great  difference  in  latitude— about  two  degrees — between  the  east- 
ernmost and  the  westernmost  point  of  the  Algerian  coast.  While  the 
totjU   annual  precipitation   on  the  coast  near   the  Tunisian    liordcr 
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When  we  compare  Algeria  with  California  as  to  rainfall,  we  find 
that  the  annual  total  precipitation  at  the  two  coast  towns,  Oran  and 
kSan  Luis  Obii^po,  is  very  nearly  the  same.  At  Lob  Angeles  it  is  some- 
what less.  January  is  the  month  of  greatest  rainfall  at  Oran  and  San 
Luis  Obispo,  February  at  Los  Angeles.  July  is  the  month  when  the 
least  rain  falls  at  all  three  points.  The  precipitation  is  much  heavier, 
and  nearly  the  same  in  total  amount  at  Algiers  and  at  San  Francisco. 
There  is  also  considerable  similarity  in  the  distribution  during  the 
year  of  the  rainfall  at  these  two  places. 

The  rainfall  at  Orleanaville  greatly  exceeds  that  at  Fresno,  but  is 
somewhat  less  than  that  at  Sacramento.  S^tif  agrees  closely  with 
Orl6ansville  in  yearly  total  and  in  distribution  of  the  precipitation. 
As  for  the  mountainous  districts  of  the  two  countries,  as  represented 
by  Fort  National  and  Colfax,  there  is  a  very  close  correspondence  in 
yearly  totals,  but  in  respect  to  distribution  the  resemblance  is  less 
striking.  The  rainfall  in  summer  at  Fort  National  is  greater  and  that 
in  winter  less  than  at  Colfax. 


Winds  from  every  point  of  the  compass  occur  at  different  seasons  in 
the  coast  region.  As  has  already  been  mentioned,  the  characteristic 
winter  wind  is  from  the  northwest,  off  the  Mediterranean,  This  often 
rises  to  the  height  of  a  gale,  and  is  of  sufficient  impoitance  to  decide 
the  direction  in  which  trees  along  the  seashore  are  bent.  West  winds 
are  also  common  in  winter.  In  summer,  the  most  violent  wind  i»  the 
occasional  sirocco,  fram  the  Desert  of  Sahara,  an  extremely  hot,  dry 
wind,  which  sometimes  blows  day  and  night  for  several  days  at  a  time, 
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filling  tbc  air  with  the  tine  dust  it  carries.  It  often  does  ^reat  barm  to 
crops,  vineyards  and  ripening  grain  being  particularly  liable  to  injury. 
The  sirocco  also  blows  in  winter,  but  its  violence  i.s  le»s  at  that  season 
and  it  is  cooler  and  moister.  The  regular  suramer  wind  is,  however, 
the  sea  breeze  from  the  northea.st,  which  springs  up  every  morning 
and  is  of  great  importance  in  moderating  the  temperature.  E^t 
winds  are  also  frequent  in  summer.  At  night,  on  the  other  hand,  the 
prevailing  wind  in  from  the  south.  Absolute  calm  is  not  infrequent. 
In  proportion  as  we  travel  farther  from  the  coast,  the  effect  of  winds 
from  the  sea  becomes  less  perceptible  and  that  of  the  desert  winds 
more  pronounced.  This  difference  becomes  strongly  marked  after  the 
northern  mountain  system  is  crossed. 

The  sirocco  is  the  most  striking  climatic  feature  in  which  Algeria 
differs  from  California.  In  southern  California  a  wind  from  the  des- 
ert, known  as  the  "Santa  Ana"  wind,  blows  occasionally,  but  induration 
and  severity  it  is  not  to  be  compared  with  the  Algerian  sirocco. 

HIGH  FLATSAV  RSOIOH. 

The  small  agricultural  importance  of  the  high  plateau  region  makes 
it  unnecessary  to  discuss  its  climate  at  any  great  length.  Owing  to 
its  gi-eater  elevation  and  distance  from  the  sea,  conditions  are  more 
extreme  than  in  the  coast  region.  The  winters  are  colder  and  the 
summers  hotter.  Winter  temperatures  as  low  as  7"  F.  have  been 
known,  while  in  summer  a  temperature  of  105'^  F.  is  often  experi- 
enced. Daily  variations  amounting  to  86  degrees  have  been  recorded. 
In  its  severe  winters  the  high  plateau  region  resembles  the  highest  alti- 
tudes of  the  mountain  zone  of  the  coast  region,  but  differs  in  its  hotter 
temperatures  in  the  daytime  in  summer.  In  the  latter  respect  it 
resembles  the  desert  region,  but  there  the  nights  are  warmer  in  sum- 
mer and  the  winter  is  much  milder.  Battandier  and  Trabut"  mention 
one  point  in  the  high  plateau  region,  at  an  elevation  of  altout  4,71)0 
feet,  where  the  mean  temperature  for  ten  years  was  al>out  44.5"  F.  in 
winter,  55.5'^  F.  in  spring,  79^  F.  in  summer,  and  62'-'  F,  in  autumn. 
The  yearly  mean  temperature  was  62^  F. 

The  rainfall  is  much  less  than  in  the  coast  region,  but  no  exact  data 
on  this  point  are  available.  Rain  falls  usually  in  sudden  and  violent 
showers.  Storms  are  more  frequent  during  the  summer  than  is  the 
case  along  the  coa-st.  The  amount  of  precipitation  is  trivial,  although 
sometimes  sufficient  to  moisten  the  ground.  Durmg  the  winter  the 
soil,  especially  in  depressions,  contains  enough  water  in  occasional 
years  to  bring  a  crop  of  barley  without  irrigation.  The  atmospheric 
humidity  is  almost  always  very  nmall.  .  ■ 

-L'Alg^rie,  p.  lis. 
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DESEB.T    REalON. 
TEHPEKATUKE. 

If  we  had  no  other  data  concerning  the  climate  of  the  Sahara  than 
the  mean  annual  temperature,  we  should  suppose  it  to  be  a  very  mild 
one.  The  variations  from  the  yearly,  monthly,  and  daily  means  are, 
however,  enormous.  Winter  temperatures  of  18^  F.  and  summer 
temperatures  of  112*^  F.  are  by  no  means  uncommon.  The  daily 
range  sometimes  exceeds  86  degrees.  The  unshaded  .soi!^ — sandy  or 
i-ocky — becomes  heated  up  to  160°  F.  At  Biskra,  which  is  by  no 
means  extreme  in  its  summer  climate,  it  is  said  to  be  possible  some- 
times to  cook  an  egg  in  the  sand.  In  the  Oued  Kirh  region,  on  the 
other  band,  ice  sometiiiies  forms  in  winter  in  the  irrigation  ditches. 
Evaporation  is  undoubtedly  very  great,  but  no  accurate  records  of  this 
phenomenon  have  l>een  kept  in  the  Sahara. 
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Of  the  stations  in  the  Algerian  desert  comprised  in  the  accompanying 
table  of  temperatures,  Bou  Saada,  at  an  elevation  of  2,l!t4  feet,  belongs 
rather  to  the  hi};h  plateau  region,  lying  noith  of  the  mountain  chain 
which  forms  the  boundary  of  the  Sahara.  It  is  in  a  region,  however, 
where  the  conditions  are  entirely  desert-like,  closely  ■■esembling  those 
of  the  higher  western  part  of  the  Sahara.  The  other  three  stations 
are  in  the  low  eastern  part  of  the  Saham  proper.  Iliskra  can  hardly 
be  regarded  as  a  typical  lo(«lity,  being  just  within  the  limits  of  the 
desert,  only  a  few  miles  south  of  the  mountains  which  form  the  north- 
ern lioundary  of  the  Sahara.  Biskm  is  407  feet  above  sea  level. 
Tougourt,  120  miles  farther  south,  in  the  Ouetl  Rirh  country,  ia  the 
center  of  some  40  oases,  where  hundreds  of  thousands  of  date  palms 
are  grown.  Its  altitude  above  mean  sea  level  !s:i2t>  feet.  Ouargla,wctl 
into  the  Sahara.  120  miles  still  farther  south,  has  the  same  elevation. 
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Among  the  localitieij  in  the  extreine  southwestern  United  States 
selected  for  comparison,  Tucson,  Aris;.,  with  an  elevation  of  2,387 
feet,  resembles  in  situation  Ron  Saada.  Phoenix  (altitude,  1,100  feet) 
may  be  compared  with  Biskra.  At  Yuma  (altitude,  137  feet),  and 
still  more  at  Volcano  Springs  (22H  feet  alMjve  sea  level),  conditions 
would  be  expected  to  re.semble  in  many  respects  those  prevailing  at 
Tougourt  and  at  Ouargla.  A  comparison  of  the  figures  in  these  tablea 
shows  that  the  Colorado  Desert  in  southern  California  is  wanner  than 
the  Sahara  in  Algeria.  Volcano  Springs  has  an  annual  mean  tempera- 
ture 10, 7*^  F.  higher  than  Tougourt,  and  in  summer  the  maxima  are 
higher.  The  extreme  minimum  temperatures  in  Arizona  and  Cali- 
fornia are  lower  than  those  in  the  Sahara.  For  example,  the  lowest 
recorded  temperature  at  Biitkra  is  SH,?*^  F.,  while  at  Phoenix,  Ariz., 
the  minimum  frequently  falls  to  25^  F,,  and  has  been  as  low  as  12^  F." 


While  the  actual  amount  of  water  vapor  in  the  air  is  sometimes 
quite  appreciable  in  the  Sahara,  the  relative  humidity  is  always  low, 
because  of  the  high  temperatures.  In  summer  the  average  relative 
humidity  is  only  ai^  per  cent,  and  for  this  reason  the  excessive  heat  is 
less  uncomfortable  than  would  otherwise  )>e  the  case.  So  extreme  is 
the  dryness  of  the  atmosphere  that  one's  skin  is  seldom  wet  witli  per- 
spiration, even  on  the  hottest  days.  Dew  is  rarely  precipitated,  and 
although  freezing  temperatures  are  by  no  means  unknown  in  winter, 
white  frost  is  not  common.  The  sky  over  the  Sahai-a  is  generally 
cloudless  and  very  clear,  particularly  in  the  night  time. 

Tabj-k  4.- 
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The  three  stations  in  the  Algerian  Sahara  whem  records  of  relative 
atmospheric  humidity  have  been  kept  all  show  an  annual  mean  higher 

"Foradetailefl  coiiiparlBon  oF  the  ctiniati;  of  tho  .Aliferian  Sahara  witli  that  of  the 
extreme  Southweslem  States,  see  Bulletin  No.  53  of  the  Bureau  of  Plant  InduHtry, 
V.  S.  Department  of  Agriculture,  The  Date  Palm  and  lt«  Utilization  in  the  Koiitii- 
weetem  States,  by  Walter  T.  Swingle,  IWM,  pp.  52-70. 
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than  that  of  Yuma,  the  only  locality  in  the  desert  region  of  the  south- 
western United  States  where  accurate  records  have  l>een  kept.  But, 
while  in  winter  the  humidity  is  greater  in  the  Algerian  Sahara  than 
in  southwestern  Arizona,  in  summer  the  reverse  is  true. 

?EECIFITATIOV. 

A  widely  received  explanation  of  the  peculiar  conditions  of  the 
Sahara,  as  regards  atmospheric  water,  is  as  follows:  The  central  por- 
tion of  the  desert  is  sufficiently  elevated  to  be  considerably  colder  in 
winter  than  the  Atlantic  Ocean  to  the  west  and  the  Mediterranean  Sea 
northward.  Consequently,  the  general  direction  of  winds  in  winter  is 
from  the  center  toward  the  edge  of  the  desert,  which  precludes  the 
possibility  of  much  rainfall  at  that  season.  In  summer,  on  the  other 
hand,  the  normal  winds  blow  toward  the  highly  heated  center  of  the 
desert,  although  there  are  occasional  sinx'cos  in  the  contrary  direction. 
These  normal  summer  winds  from  the  Atlantic  and  Mediterranean 
would  cause  rainfall  in  summer  were  it  not  that  physiogi'aphical  con- 
ditions intervene  to  prevent  this.  Winds  from  the  west  encounter  a 
cold  current  that  follows  the  Atlantic  coast  of  northern  Afri(«,  and 
the  greater  part  of  the  moisture  they  carry  is  condensed  befoie  they 
reach  the  mainland.  The  high  summits  of  the  coastal  mountain  syw- 
teni  of  Algeria  intercept  and  condense  most  of  the  water  vajKjr  that  is 
brought  in  by  winds  from  the  Mediterranean.  What  little  moisture 
escapes  this  barrier  and  crosses  the  high  plateau  is  mostly  given  up 
when  the  mountains  along  the  northern  border  of  the  Sahara  are 
encountered.  Furthermore,  in  the  desert  itself  there  are  few  moun- 
tains of  sufficient  elevation  to  condense  what  water  vapor  passes  the 
second  barrier. 

Notwithstanding  these  conditions,  rain  is  by  no  means  unknown  in 
the  Sahara.  Heavy  precipitation  sometimes  occui-s,  but  its  distribution 
is  very  irregular,  Ijotb  in  point  of  time  and  of  place.  Localities  in  the 
desert  are  known  which  have  received  no  appreciable  amount  of  rain 
for  ten  years  or  more.  At  other  times  a  cyclone  may  cause  a  sudden 
heavy  downpour.  Violent  torrents  are  formed  and  a  great  amount  of 
erosion  is  accomplished  in  a  few  hours.  The  higher  elevations  of  the 
i-solated  mountain  masses  of  the  Sahara  have  a  somewhat  more  regular 
rainfall,  but  it  is  lielieved  that,  on  the  whole,  evaporation  exceeds  pre- 
cipitation in  the  Sahara,  and  that  it;?  aridity  is  steadily,  although 
imperceptibly,  increasing. 
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A  comparison  of  precipitation  in  the  A  Igcrian  desert  and  that  of  the 
southwestern  United  States  is  instructive  and  intei'cstiu^.  Bou  Saada 
has  approximately  the  same  annual  total  as  Tucson,  which  it  resembles 
in  situation  and  elevation,  but  there  is  the  same  differenoe  in  distribu- 
tion as  was  noted  in  the  case  of  atmospheric  humidity.  More  rain 
falLs  in  winter  and  less  in  summer  at  the  Algerian  than  at  the  Arizona 
lo<^ality.  At  Biskra  and  Phoenix  very  nearly  the  same  total  amount 
of  rain  falls  during  the  year,  and  the  distribution  at  the  two  points 
corresponds  more  clo.seiy  than  as  between  Bou  Saada  and  Tucson.  At 
Ouargla  and  at  Tougourt  the  rainfall  is  considerably  greater  in  yearly 
total  than  at  Yuma  and  at  Volcano  Springs.  In  distribution,  however, 
these  four  stations  resemble  each  other  to  a  considerable  degree.  On 
the  whole,  if  we  consider  only  localities  which  represent  the  most 
extreme  conditions  in  both  great  arid  regions,  it  would  appear  that  the 
desert  country  of  the  southwestern  United  States  is  decidedly  drier 
than  the  Saham  of  Algeria. 

IRRIOATION. 

Algeria  is  less  fortunately  endowed  than  Egypt  as  regards  water 
supply.  -She  has  no  large  river  like  the  Nile,  containing  even  at  its 
lowest  stage  a  very  considerable  volume  of  water  for  irrigating  pur- 
poses. On  the  contrary,  the  water  courses  of  the  French  colony  are 
of  a  torrential  character,  running  high  after  heavy  rains  but  dwin- 
dling to  mere  rivulets  in  summer.  Most  of  them  are  short,  rising  in 
the  mountain  ranges  of  the  coast  region,  and  thus  not  draining  a  .suf- 
ficiently large,  area  to  gather  a  great  volume  of  water.  Their  fall  is 
heavy,  and  they  accomplish  a  vast  amount  of  erosion,  so  that  when 
high  their  waters  carry  a  large  amount  of  silt.  Even  the  Ohelitf, 
which  has  it.s  source  in  the  mountains  that  form  the  northern  boundary 
of  the  Sahara  and  traverses  the  entire  width  of  the  high  plateau,  is 
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but  an  insigniticant  stream  in  summer.  Rainfall  is  too  scanty,  even 
at  a  short  distance  from  tlie  coast,  to  feed  larj^e  rivers.  For  this 
reason  irrigfation  in  Algeria  must  necessarily  be  on  a  more  modest 
scale  than  in  Kgypt.  As  a  matter  of  fact,  tiie  area  under  irrigation 
at  present  is  only  a  small  fi-action  of  tlie  t«tal  area  of  the  colony. 

The  littoral  zone  of  the  coast  region,  particularly  in  the  eastern  p&rt 
of  the  colony,  receives  quite  enough  precipitation  in  winter  for  the 
growing  of  most  crops.  In  summer,  however,  there  are  very  few 
parts  of  Algeria  where  field  crops  can  bo  grown  without  irrigation, 
at  least  without  a  radical  change  in  the  methods  of  cultivation  gener- 
ally followed  in  the  colony.  Orchards  and  vineyards,  however,  can 
l»e  made  to  pay  in  some  places  without  artificial  watering.  This  is 
notably  the  ca.se  in  the  mountain  zone,  where  steep  slopes,  ill  adapted 
to  irrigation,  are  covered  with  fruit  trees.  In  the  valley  and  plain 
zone  of  the  coast  region  irrigation  is  almost  indispensable  in  summer, 
and  even  the  winter  cereal  and  for^^  crops  are  greatly  benefitexl  by 
an  occasional  watering.  In  the  high  plateau  region  nothing  can  be 
grown  in  summer  without  irrigation,  and  in  winter  it  is  only  in  an 
occasional  depression  that  the  natural  moisture  is  sufficient  to  bring  a 
crop.  In  the  desert  region  artificial  watering  is  at  all  times  necessary 
for  small  crops,  although  sometimes  it  is  of  the  simplest  character. 
Thus,  at  the  base  of  the  mountains  scanty  crops  of  grains  can  be  pro- 
duced by  throwing  up  a  series  of  ridges  to  retain  the  sheets  of  flood 
water  that  in  winter  occasionally  sweep  down  over  the  land. 

There  is  no  rea.son  to  believe  that  in  ancient  times,  when  north- 
ern Africa  was  the  granary  of  the  civilized  world,  conditions  as  to 
water  supply  were  essentially  different  from  those  now  prevailing, 
although  there  is  evidence  that,  in  eastern  Algeria  at  least,  crops  were 
much  more  extensively  grown  without  irrigation  than  is  now  the  case. 
Under  the  Carthaginian  regime,  and  lat^r  under  the  Roman  rule,  irri- 
gation works  abounded  in  the  country  that  is  now  Algeria  and  Tunis. 
The  remains  of  such  structures,  sometimes  utilized  iis  foundations  for 
modern  works,  are  numerous,  particularly  in  the  Department  of  Con- 
stantine  and  in  Tunis.  Indeed,  more  than  one  region  that  is  now  a 
barren  desert  must  have  been  well  populated  and  in  a  high  state  of 
*  cultivation  two  thousand  years  ago. 

The  works  built  at  that  period  were  generally  of  the  simplest  and 
rudest  construction.  Often  merely  a  m!is.s  of  earth  or  broken  stone, 
held  in  place  by  a  row  of  stakes,  served  to  dam  a  small  brook.  For 
the  most  part  these  structures  were  evidently  the  work  of  the  colo- 
nists who  tilled  the  land  under  them,  rather  than  of  trained  engineers. 
They  were  built  sometimes  by  individual^-,  sometimes  bj'  associations. 
The  plan  usually  followed  was  to  dam  up  a  mountain  torrent  near  the 
point  where  it  debouches  upon  the  plain.  In  narrow  ravines  a  succes- 
sion of  rough  dams  was  often  constructed,  thus  allowing  the  stream 
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to  drop  from  terrace  to  terrace,  leaving  a  tiny  reservoir  at  each  stage, 
frcMii  which  ifktAE  could  be  taken  at  need  for  irrigating  8nia11  gardens 
and  orchaixiij.  At  the  mouth  of  the  ravine  was  a  larger  distributing 
r&-<ervoir,  with  a  dam  of  stone  and  masonry,  for  Averting  water  into 
the  irrigation  canala,  which  brancheil  out  over  the  lower  laneU  beyond. 
The  safety  of  the  larger  dam  was  assured  by  the  presence  of  these 
smaller  reservoirs  farther  up  the  sti'eani.  By  this  method  not  only 
was  water  secured  for  irrigation,  but  the  force  of  the  current  in  times 
of  flood  was  effectually  checked.  For  a  roaring,  nmddy  torrent, 
sweeping  all  before  it  and  carrying  away  great  masses  of  the  soil, 
was  subjitituted  a  gentle  stream  of  clear  water,  incapable  of  destructive 
erosion. 

During  the  long  centuries  of  Arab  domination  most  of  these  irriga- 
tion works  "ell  into  ruin.  Some,  however,  were  patched  up  from 
time  to  time,  and  were  used  by  the  Arabs  to  irrigate  their  small  fields 
and  gardens.  iSoon  after  the  French  conquest  the  all-importanoe  of 
some  provision  for  the  artificial  watering  of  the  land  was  perceived, 
and  the  construction  of  large  storage  and  diversion  reservoirs  along 
Algerian  streams  was  begun.  At  first  this  work  was  done  by  the 
engineer  service  of  the  French  army. 

COAST  KEQIOH. 

Irrigation  in  Algeria  to-day  reaches  its  maximum  development  in 
the  larger  valleys  and  plains  of  the  coast  region.  A  number  of 
important  irrigation  districts  have  been  e.stablished,  and  res€i':k-oirsand 
canals  have  been  constructed.  At  Marengo,  on  the  Mcurad,  the  first 
storage  reservoir  constructed  by  the  French  was  finished  in  1S57. 
Tlie  dam,  built  of  earth,  is  2iifi  feet  long  and  i)0  feet  high.  The  bar- 
riige  of  the  Cheurfas  is  built  across  the  Sig,  a  short  distance  south  of 
at.  Denis  dii  Sig.  It  took  the  place  of  a  Turkish  dam  which  was 
washed  out  in  1S5H,  The  present  reservoir  stores  2,400  acre-feet  and 
supplies  water  for  the  irrigation  of  5,0(X*  acres  in  winter  and  '2^0f)0 
acres  in  summer.  A  larger  dam,  6  miles  farther  upstream,  was  com- 
pleted in  liSiS4.  This  dam  was  of  masonry,  98.4  feet  high,  G)i.'2  feet 
thick  at  the  base,  and  13.1  feet  thick  at  the  top.  The  capacity  of  the 
reservoir  was  calculated  at  14,600  acre-feet.  On  Febru:iry  8,  1885, 
the  dam  broke,  carrying  with  it  also  that  farther  downstream.  This 
break  is  said  to  have  l>een  caused  by  the  infiltration  of  water  through 
the  rock  around  the  dam.  The  foundation  was  of  soft  sandstone,  in 
many  places  hardly  sufiiciently  indurated  to  warrant  its  being  called 
rock.  The  dam  which  was  then  built  on  the  site  of  the  older  one  is 
on  the  same  general  plan  as  its  predecessor,  but  instead  of  being  built 
on  a  straight  line,  the  new  portion  is  at  an  angle  of  1'2S  degrees  with 
the  old  work,  the  angle  pointing  downstream.  The  object  of  con- 
structing the  dam  in  this  way  was  to  obtain  a  better  foundation.     It 
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is  reported  that  seepage  around  and  under  the  walls  of  the  structure 
still  causes  trouble,  and  some  engineers  question  the  pennanent  safety 
of  the  work. 

The  largest  storage  dam  in  Algeria  is  that  across  the  Habra  River, 
7  miles  south  of  the  town  of  Perr^gaux.  This  structure,  also,  has  been 
the  scene  of  a  catastrophe,  and  a  much  more  serious  one  than  that 
which  occurred  at  St.  Denis  du  Sig.  The  original  dam,  1,506  feet  long, 
was  built  in  two  sections  at  an  angle  of  30  degrees,  with  the  angle 
pointing  downstream.  It  was  partly  carried  away  on  December  15, 
1881,  by  excessive  floods  which  overtopped  the  entire  dam.  This 
disaster  is  generally  attributed  to  the  giving  way  of  the  soft  founda- 
tion material,  and  to  water  cutting  around  the  east  end  through  the 
soft  material.  As  a  result  of  the  break  in  the  eastern  end  of  the  dam 
400  persons  were  drowned  and  immense  damage  was  done  to  property. 

The  work  of  reconstruction  was  finished  in  1886.  The  dam,  as  it 
now  exists,  is  essentially  in  three  parts.  The  spillway  on  the  west 
end  has  a  length  of  about  410  feet.  The  center  of  the  dam  crosses  an 
island  which  divides  the  stream  into  two  channels.  The  portion  of  the 
dam  across  the  east  channel  is  13  feet  higher  than  that  over  the  west 
channel.  The  reconstructed  dam  has  a  height  of  131  feet,  is  1,443  feet 
long,  131  feet  thick  at  the  base,  and  14.7  feet  thick  at  the  top.  The 
highest  part  of  the  dam,  in  the  eastern  section,  consists  of  a  wall  7.V 
feet  high  and  i.%  feet  thick,  resting  upon  the  top  of  the  dam  proper. 
This  was  added  to  prevent  overflow  of  the  adjacent  laud  by  flood'^ 
The  event  has  shown  the  wisdom  of  this  precaution,  for  in  1900  water 
rose  to  within  2  feet  of  the  top  of  the  highest  wall,  and  was  6  feet 
higher  than  the  crest  of  the  spillway.  The  total  cost  of  the  Habra 
dam,  from  the  inception  of  the  enterprise,  has  been  about  $1,080,000. 

The  reservoir  formed  by  this  structure  has  a  capacity  of  30,800  acre- 
feet,  and  is  intended  to  provide  for  the  irrigation  of  about  100,000 
acres,  altliough  so  large  an  area  has  never  been  taken  up  Under  it. 
The  water  from  the  reservoir  is  taken  out  at  the  base  of  the  high  or 
eastern  portion  of  the  dam.  A  complicated  apparatus  has  been  devised 
by  which  water  passing  through  the  sluice  furnishes  power  to  pump 
water  into  a  tank,  which  is  situated  upon  a  bill  about  100  feet  high  at 
the  east  end  of  the  dam.  The  water  thus  elevated  furnishes  stored 
power  for  the  operation  of  the  sluice  gate.  The  gate  is  supposed  to 
be  automatically  I'aised  and  lowered  as  the  water  rises  and  falls  in  the 
reservoir,  but  the  mechanism  has  never  proved  altogether  satisfactory. 

The  Habra,  with  its  tributaries,  has  a  flow  in  summer  of  18  second- 
feet,  but  during  unusual  floods  the  discharge  has  been  known  to  exceed 
25,000  cubic  feet  per  second.  Although  the  drainage  basin  above  the 
Habra  dam  covers  3,859  square  miles,  the  mean  annual  discharge  of  the 
stream  is  estimated  to  amount  to  only  about  three  and  one-half  times 
the  capacity  of  the  reservoir.     During  the  flood  which  occasioned  the 
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breaking  of  the  dam,  cauHCti  by  a  6i-incli  min  over  a  great  part  of  the 
watci-shcci,  the  run-off  in  one  night  was  more  than  three  times  the 
capacity  of  the  re«ervoir. 

Near  the  town  of  Belizanc  a  small  masonry  dam  has  tteen  built 
across  the  Mina  River.  This  dam  has  a  height  of  45  feet  above  the 
the  liottom  of  the  rocky  gorge  in  which  it  is  built.  It  was  originally 
planned  to  hold  up  a  small  storage  reservoir,  but  this  has  become  tilled 
with  sediment,  and  now  the  dam  serves  only  for  the  direct  diversion 
of  the  water  of  the  stream.  The  discharge  of  th'e  Mina  is  small. 
Though  the  canal  system  fed  by  this  barrage  covers  an  area  of  liD,0(H) 
acres,  the  land  actually  irrigated  is  not  of  large  extent.  The  water  of 
this  stream,  when  examined  toward  the  end  of  July,  1!I02,  was  found 
to  carry  123  parts  of  soluble  matter  per  1I>I>,(M)0  parts  of  water.  Of 
this,  26  parts  were  bicarbonates,  1  part  carbonate,  60  parts  chlorids, 
and  36  parts  sulphates. 

Another  masonry  work  of  unportance  is  that  across  the  DjidiouTa 
River  near  St.  Aim^,  in  western  Algeria.  It  is  164  feet  long,  55.8 
feet  high  above  the  foundation,  and  {ll.!>feet  high,  foundation  included. 
The  base  has  a  thickness  of  36.1  feet,  and  the  top  13.1  feet.  The 
re.-^orvoir  has  a  capacity  of  2,(XM)  acre-feet,  and  is  intended  to  irrigate 
fmm  7,500  to  1I),0()0  acres. 

Since  it  was  built  this  reservoir  has  become  almost  completely  tilled 
with  silt.  In  all  reservoirs  in  Algeria  the  aceumulation  of  silt  has 
given  trouble,  but  only  at  St.  Aim(5  have  attempts  been  made  to 
remedy  the  evil.  M.  Jaudin,  a  hydmulic  engineer,  has  invented  a 
machine  for  stirring  up  and  removing  the  silt.  His  apparatus  consists 
of  a  metal  tul>e  or  conduit  20  inches  in  diameter,  the  lower  end  of 
which  penetrates  the  dam  near  its  bottom.  The  free  portion  is  kept 
afloat  by  buoys  and  is  attached  by  flexible  joints  to  a  floating  scow. 
The  connections  are  made  so  as  to  allow  the  .scow  to  float  from  side  to 
side  of  the  reservoir,  and  the  end  of  the  pipe  can  l>c  raised  and  low- 
ered as  desired.  The  difference  in  level  between  the  end  of  the 
pipe  projecting  through  the  dam  and  that  attached  to  the  scow  pro- 
duces a  strong  current  through  the  pipe.  As  the  pipe  is  moved  along 
the  mud  is  sucked  into  it  and  is  carried  below  the  dam.  The  clay 
drawn  into  the  pipe  is  found  to  he  so  well  packed  and  so  stiff  that  it 
has  to  be  cut  out  by  a  special  cutting  apparatus  built  like  a  steam  sci-ew. 
Ill  spite  of  the  cutting  apparatus,  the  water  thus  removed  carried  only 
from  4  to  5  per  cent  of  silt.  The  inventor  claims  that  under  favomhle 
conditions  he  can  remove  water  containing  If}  per  cent  of  silt.  The 
expense  of  oi>erating  the  apparatus  is  estimated  at  $3.">,0(M)  a  year,  and 
the  cost  of  installation  for  a  fairly  large  dam  would  be  $r)40,l)0il.  The 
inventor  was  under  contract  to  remove  the  silt  from  this  reservoir  at 
20  cents  per  cubic  meter  (15.4  cents  per  cubic  yard). 
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In  the  Mitidja  Valley,  near  Algiers,  there  is  a  reservoir  which  is 
cajmble  of  holding  aliout  11,34()  aore-feet  of  water,  ThiB  is  sufficient 
to  irrigate  75,000  acre«,  but  the  area  actually  under  irrigation  is  only 
one-third  aa  large. 

The  irrigation  works  juHt  deseribed  are  more  or  less  typieal.  At  a 
iiuiiiher  of  other  places  daiUK  are  either  in  actual  use  or  are  under  con-, 
struetion.  Algeria  has  been  unfortunate  in  regard  to  disasters  to  her 
irrigation  works.  .This  has  tended  to  create  distrust  of  them  among 
farmeiH  who  practice  irrigation.  There  were  lean  years  for  people 
who  tried  to  farm  below  the  canals  while  new  works  were  building,  and 
the  memory  of  those  trying  times  i»  still  vivid.  It  seems  that  in  the 
early  days  of  tsilonization  too  much  land  was  covered  by  the  irrigation 
works.  Consequentlj',  there  are  now  large  uncultivated  areas  across 
which  the  canals  and  laterals  have  to  be  extended  in  order  to  reach 
land  that  is  in  crops. 

There  is  reason  to  believe,  as  an  eminent  authority  upon  agriculture 
in  Algeria  has  remarked,  that  more  good  might  result  from  the  con- 
struction of  series  of  irrigation  works  on  a  small  .scale,  after  the  fash- 
ion of  the  Carthaginian  and  Iloman  colonists,  than  from  the  building 
of  elaborateengineering  workssuch  as  have  just  been  described.  The 
peculiar  torrential  character  of  Algerian  streams  and  the  great  quan- 
tity of  silt  they  carry  make  them  ill  adapted  to  large  structures  of 
this  kind;  but  small  diversion  reservoirs,  that  afford  water  only  in 
winter,  are  a  valuable  supplement  to  the  natiii-al  rainfall,  particularly 
in  the  drier  western  part  of  the  coast  region.  There  it  is  found  that 
one  or  two  irrigations  dnring  the  winter  will  very  materially  increase 
the  yields  of  cereals  and  foi-^e  crops.  Handled  thus,  with  two  irriga- 
tions in  winter,  an  acre  of  wheat  in  the  Ch^liff  Valley  can  sometimes 
l>e  niade  to  yield  44  bushels, 

The  most  important  direct  diversion  of  water  from  a  stream  in 
Algeria  is  that  on  the  Ch^tiff,  15  miles  above  Orl^ansviile,  where 
the  irrigating  water  is  taken  fioni  the  west  bank  of  the  river  by  means 
of  a  canal  with  a  capacity  of  about  50  cubic  feet  per  second.  One 
branch  of  this  canal  is  oirried  acrcis  the  river  by  a  siphon  to  irrigate 
the  right  bank.  On  the  left  bank  r>,(MHl  acres,  and  19,000  acres  on 
the  right  Iwink,  are  irrigate<l  by  this  canal.  The  entire  system  cost 
iilwut  $48O,0(H(,  Those  who  use  the  water  are  required  to  construct 
the  secondary  canals,  pay  a  rental  to  the  government,  and  keep  the 
woi'ks  in  lepair.  Of  the  50  cubic  feet  of  water  per  second  available 
under  this  system,  18  only  have  l>e(^n  subscribed  for,  on  account  of 
the  excessively  high  water  rent  asked.  Similar  difficulty  in  inducing 
farmers  to  subscribe  to  water  at  the  niten  demanded  has  been  encoun- 
tered elsewhere  in  the  colony. 

In  the  mountain  zone,  notably  in  Great  Kabylia.  there  are  mauy 
small  diversion  dams,  cheaply  constructed  in  narrow  ravines  out  of 
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siu'h  itiatprialit  Wi  are  rea<1y  to  hand.  By  means  of  these,  streams  that 
ill  summer  appear  to  be  dry,  but  really  carry  subterranean  water,  are 
made  to  ^erve  for  irrigation  at  that  season.  The  bed  is  dug  out  until 
rock  bottom  is  reached.  A  dam  is  then  roughly  fashioned  out  of 
stones.  The  trunk  of  a  11*66  is  laid  a«Toss  the  top,  which  is  slightly 
higher  than  the  general  level  of  the  stream  bed,  and  clay  and  stones 
are  piled  up  l>ehind  the  dike;  or,  sometimes,  a  mere  double  row  of 
stakes,  filled  in  with  clay  and  stones,  is  made  to  answer  the  purpose. 

Various  devices  are  in  use  in  Algeria  for  preventing  water  that  falls 
upon  cultivated  hillsides  from  running  off  too  rapidly.  Particular 
attention  has  been  paid  to  this  question  in  vineyards.  Sometimes 
shallow  basins  are  dug  in  the  center  of  each  ([uadrangle  formed  by 
four  vines.  Another  pi-actice,  which  is  also  followed  by  the  Kabylcs 
in  their  orchards,  is  to  run  horizontal  furrows  or  trenches  across  the 
hillside  at  regular  intervals,  throwing  out  the  soil  on  the  downhill 
side.  It  has  been  estimated  that,  at  a  cost  of  about  ^,  from  D,0<X)  to 
10,tH)0  cubic  feet  of  water,  enough  to  cover  the  land  to  a  depth  of  from 
^  to  4  inches,  can  thus  be  saved  annually  in  each  acre  of  vineyard.  In 
olive  orchards,  which  cover  steep  hillsides  in  some  parts  of  the  colony, 
V-shaped  trenches,  pointing  downhill,  are  dug  so  that  the  point  of  a 
trench  is  situated  near  the  hase  of  each  tree.  The  soil  around  the 
tree  is  kept  loose  in  order  to  facilitate  absorption  of  the  water  thus 
carried  to  it. 

The  market  gardens  of  the  littoral  zone  are  generally  irrigated  by 
means  of  the  "noria,"  a  water-lifting  machine  that  has  been  in  use 
for  ngen  in  the  Mediterranean  region.  It  consists  of  a  vertical  wheel, 
to  the  rim  of  which  buckets  are  attached,  and  which  turns  by  inter- 
locking its  cogs  with  those  of  a  horizontal  wheel.  To  the  latter  an 
animal,  usually  a  horse  or  a  donkey,  is  hitched,  and  is  driven  around 
in  a  circle.  A  second  animal  is  kept  to  relieve  the  first,  generally 
every  two  hours.  By  means  of  the  noria  one  horse  can  raise  150 
gallons  of  water  11  feet  in  a  minute,  which  is  equivalent  to  0.33  second- 
foot.  The  water  is  collected  in  a  basin  that  generally  holds  fi-om 
1,000  to  1,800  cubic  feet.  Even  field  crops  and  vineyards  can  be 
profitably  irrigated  with  the  noria  if  the  water  supply  is  ample  and  the 
lift  does  not  exceed  40  feet.  But  its  greatest  usefulness  is  in  connec- 
tion withthe  intensively  cultivated  and  very  remunerative  truck  crops. 
The  noria  is  said  to  be  more  economical  for  raising  water  than  any 
hydraulic  machine,  only  one-fifth  of  the  total  power  ex))ended  being 
lost.  -Near  Algiers,  where  the  irrigation  of  gardens  is  most  expensive, 
the  annual  cost  of  watering  1  acre  with  the  noria  is  placed  at  $65. 

The  water  used  for  irrigation  in  the  coast  region,  except  in  some  of 
the  valleys  of  western  Algiei-a,  is  generally'  very  good,  rarely  contain- 
ing a  harmful  quantity  of  saltu.  However,  no  attention  has  been  given 
to  the  matter  of  drain^e  of  irrigated  lands.    Particularly  in  western 
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Algeria,  large  ai-eaji  of  once  fertile  soil  have  in  consequence  become 
yubirrigated  and  i^alty.  In  many  cones  considerable  tracts  have  hud 
to  be  abandoned  for  this  reason. 

HIGH  PLATEAU  REOIOir. 

A  very  insigniticaiit  area  is  irrigated  in  the.  high  plateau  region. 
There  are  almost  no  running  sti'eams,  except  after  an  occasional  heav^' 
rain  in  winter.  The  water  of  the  chotbi  or  lakes  that  till  the  depre:*- 
sions  is  far  too  salty  to  l>e  used  for  irrigating  purposes.  Here  and 
there  a  small  patch  of  grain,  foi-age  plants,  or  garden  vegetables  !« 
watered  from  a  well,  but  artesian  water  seems  to  be  generally  lacking. 

DESEBT  BEQION. 

Oases  of  greateror  less  extent  occur  in  all  parts  of  the  .Sahara.  They 
are  particularly  numerous,  however,  in  the  lower  eastern  portion.  In 
the  region  known  a.s  the  Oued  Rirh,  a  larger  percentage  of  tlie  total 
area  is  occupied  by  cultures  than  anywhere  else  in  the  desert.  The  oases 
(see  PI.  I),  almost  without  exception,  are  probably  of  artiticial  origin. 
The  date  palm,  to  which  they  owe  their  life,  is  believed  to  have  been 
introduced  into  Algeria  by  man.  In  some  places  near  the  base  of  the 
mountains,  as  in  the  i-egion  of  the  Ziljans,  there  is  flowing  water  on 
the  surface  of  the  ground  which  can  be  diverted  directly  into  canals. 
At  most,  a  few  rude  dams  arc  needed  to  raise  its  level  a  few  inches. 
Elsewhere  wells  must  be  dug  and  the  water  must  generally  lie  raised 
by  hand  or  by  the  noria  in  order  to  water  the  eropti.  The  source  of  the 
water  thus  utilized  is  to  be  looked  for  in  the  high  mountains  adjacent  to 
the  Sahara,  where  the  rainfall  is  much  heavier  than  in  tlie  desert  itself. 
This  water  flows  down  to  the  lower  levels,  iit  first  over  the  surface  of 
the  ground,  then  Ijeneath  it.  Subterranean  streams  of  considerable 
volume  must  occur  in  the  eastern  part  of  the  Sahara.  There  is  no 
foundation  for  the  idea  sometimes  entertained  that  the  oases  are  nat- 
ural subirrigated  spot*  in  the  desert.  Most  of  tht^  desert  soils  are  too 
saline  to  permit  of  subirrigation  without  injury  to  the  crops.  As  a 
matter  of  fact,  ^riculture  would  be  almost  impossible  in  the  Sahara 
were  not  careful  provision  made  for  drainage. 

From  very  ancient  times  irrigation  has  been  practiced  in  the  desert. 
When  the  Romans  governed  northern  Africa  the  area  under  cultiva- 
tion in  the  Sahara  was  much  larger  than  it  is  to-day.  By  niaTiy  centu- 
ries of  practice  the  natives  of  the  Sahara  have  acquired  great  .skill  in 
procuringand  managing  water  for  irrigation.  Theartof  well  boring, 
as  originally  practiced  in  the  Oued  Rirh,  is  a  dangerous  one.  -The 
work  is  liegun  by  scooping  out  a  hole  in  the  sand,  the  Bides  of  which 
are  inca.sed  with  wood  as  fast  as  the  digging  proceeds.  Finally,  a 
layer  of  rock  or  of  stiff  clay,  o\-erlying  the  sheet  of  water,  is  reached. 
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This  is  bi-okcn  thtoiigh  with  a  fpw  strokes  of  the  pick,  and  if  the  water 
ascfiKlrt  with  cotiJsidenilile  force,  as  is  sometimes  the  c».st>,  the  well 
digger  runs  ci. aside rable  risk  of  Iwing  drowned.  In  the  more  accessi- 
ble parts  of  the  Sahara,  modern  well-boring  machinery  has  largely 
replaced  the  ancient  method. 

The  natives  arc  very  jealous  of  the  water  that  is  obtained  with  so 
much  dilEculty,  and  numerous  quarrels  arise  over  its  distribution. 
In  the  /^ihans  oases,  where  a  system  of  canals  exists,  the  wat«r  is  con- 
trolled by  an  oissociation  which  decides  in  what  quantity  and  upon 
what  davH  it  shall  be  allotted  to  each  person.  It  is  measured  bj'  lay- 
ing the  trunk  of  ii  date  palm  acrass  the  top  of  an  earthen  dam  in  the 
canal.  Notches,  corresponding  to  the  width  of  the  hand  with  the 
thumb  closed,  are  cut  into  this  trunk  at  intervals.  The  amount  which 
passes  each  of  these  notches  represents  one  share  of  water. 

In  the  Oued  Rirh  region,  since  the  French  occupation,  a  great  many 
artesian  wells  have  been  iKtred,  under  the  direction  of  M.  Jus,  who 
l)ecame  famous  through  his  connection  with  this  work.  The  first  was 
sunk  in  185t),  In  1S1*8  there  were  120  metal-cased  artesian  wells  from 
160  to  330  feet  deep,  in  addition  to  500  wells  dug  by  natives.  The 
total  dis<rharge  of  all  these  wells  was  about  140  cubic  feet  per  second, 
3'et  so  far  the  water  supply  has  suffered  no  perceptible  diminution. 
With  the  watei'  thus  obtained  the  area  in  date  palms  has  been  greatly 
extended  during  the  past  thirty  years.  It  is  estimated  that  during 
the  last  throe  decades  the  population  of  the  Oucd  Rirh  has  doubled, 
and  the  wealth  of  the  region  has  been  increa.sed  tenfold.  There  are 
probably  few  other  parts  of  the  Sahara  where  such  development  is 
possible. 

Unlike  the  irrigating  water  of  the  coast  region,  that  used  in  the 
desert  i-ogion  generally  carries  a  high  percentage  of  saltw  in  solution. 
In  fact,  the  water  with  which  various  ci-ops  are  grown  in  the  Algerian 
Sahara  appears  to  l)e  saltier  than  that  used  for  this  purpose  anywhere 
else  in  the  world.  So  far  as  is  known,  500  parts  of  salts  per  100,000 
parts  of  water  is  the  maximum  concentration  of  water  which  is  used 
with  success  in  the  United  States,  and,  under  ordinary  ciivumstances, 
300  parts  is  the  limit  for  successful  crop  pi-oduction.  In  the  Sahara, 
however,  water  containing  as  much  as  800  parts  of  salts  (half  of  the 
total  amount  Ijcing  sodium  chlorid)  per  100,000  parts  of  water  is 
applied  to  soils  that  are  themselves  highly  saline.  A  variety  of  culti- 
vated plants — various  fruit  trees,  garden  vegetables,  and  alfalfa — 
thrive  under  these  conditions- 
It  seems  a  fair  inference  that  the  maximum  amount  of  soluble  matter 
which  can  safely  be  allowed  in  irrigation  water  has  l>een  under- 
estimated by  American  writers.  Where  the  soil  is  light  and  under- 
drainage  is  provided  for,  as  is  the  case  in  the  Algerian  oases,  it  is 
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probable  that  tnaoy  waters  that  have  heretofore  been  condemned  as 
too  valine  could  siafely  be,  used  in  irrigating  crops. 

The  date  palm  in  the  most  Halt-reaistant  cultivated  plant  of  the  Sahara, 
no  far  as  ix  known.  The  maximum  amount  of  salt  in  tlie  irrigating 
water  which  thiH  tree  can  endure  without  detriment  to  the  crop  has  not 
been  ascertained.  It  would  appear,  however,  to  be  something  less  than 
1,000  parts  per  100,000,  for  water  of  a  pond  containing  1,044  parts  per 
100,000  of  soluble  salts,  of  which  1,036  parts  was  sodium  chlorid, 
had  been  found  to  be  too  salty  for  irrigating  a  young  date  orchard. 

A  number  of  samples  of  artesian  water  used  in  irrigating  the  oases 
near  Tougourt,  in  the  Oued  Rirh  region,  were  taken  by  the  writers 
and  were  analyzed  in  the  laboratory  of  the  Bureau  of  Soils  of  the 
Department  of  Agriculture.  The  results  are  stated  in  the  following 
table: 


Table  6. — CheminUnnalgteeofiirlfKu 


i  irrigating  gardens  in  Saharan  oatft. 


Ciilcliim(C»>... 
Uasneaium  (Hg 

3odiiiiii(N«),.. 
PoUffilum  (Kl  . 


irbonicacld(HCChJ 

jnllOdal  combinBtlTHig: 
Icluni  sulphate  {CBSO4) . . . 


PoUHlum  chlorid  ( kci) . 


Sodium  chlar[d(N*Cl 
folal  nlida  In  100,000  paiia  water . . 


These  are  fair  average  samples  of  the  irrigation  waters  in  uae,  and 
do  not  represent  by  any  means  the  maximum  of  salinitj'.  Field  tests 
showed  an  high  as  816  part-j  to  lOi.OOO  in  water  in  actual  use  un  soils 
where  garden  vegetables  weregrowing,  while  French  authorities  report 
the  use  of  waters  carrying  842  part-i  per  100,0'>0. 

SOILS. 

The  soils  of  Algeria  are  of  many  varieties  and  types,  varying  fi-om 
the  coarsest  sands  to  heavy  clays.  The  differences  are  due  chiefly  to 
two  causes — the  nature  of  the  underlying  rocks  and  the  climatic  con- 
ditions under  which  the  soil  was  formed.  Different  <'lasses  of  soils  are 
found  in  each  physiographic  region  and  there  are  few  types  which 
are  common  to  all  three  regions.  In  the  littoral  zone  of  the  coast 
region  much  of  the  soil  is  of  the  adobe  type,  containing  a  considerable 
quantity  of  clay.  In  the  alluvial  bottoms,  however,  we  find  extensive 
areas  of  other  kinds  of  soil.    In  the  mountain  zone  the  aoUa  are  aot 
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for  the  most  part  adohe-like.  On  the  high  plateau  the  soils  are 
largely  colluvial.  In  the  desert  we  eiicoiintcr  viist  ureas  of  light, 
ijandy  mollis,  but  tlicrtt  are  also  extensiv(<  tracts  of  itiarls,  days,  and 
alluvial  soils. 

Very  few  .saiuplci  of  soil  were  collected,  an  no  {fen*!ral  investigation 
of  the  various  types  wb.s  attempted  by  the  writers.  It  was  oliservcd, 
however,  that  in  Algeria  there  appear  to  \ie  no  important  soils  which 
are  not  represented  in  California  and  Arizona  by  very  similar  typos. 
OI>sei  vations  were  largely  directed  toward  the  comparison  of  Algerian 
!ioiU  and  their  productivity  with  corresponding  soi]»  in  America  under 
similar  climatic  conditions. 

COAST   BXOIOH. 
IITTOK&L  ZOKK. 

An  important  and  characteristic  soil  of  the  littoi-al  zone  is  a  bright- 
I'ed  "adobe,"  very  common  in  the  vicinity  of  Algiei-s,  near  Oran,  and 
elsewhere  along  the  voast.  It  is  sticky  when  wet  and  forms  very  hard 
clods  when  dry,  cracking  to  a  depth  of  from  12  to  24  inches.  This 
soil  is  often  naturally  poor  in  phosphoric  acid,  nitrogen,  and  lime,  but 
responds  readily  to  treatment.  Its  potash  content  is  genomUy  ade- 
quate. It  is  an  excellent  soil  for  vineyards,  except  in  cases  where  a 
lime  "hardpan"  occurs  too  near  the  surface.  Some  of  the  best  wines 
of  Algeria  are  produced  on  soil  of  this  type.  The  American  soils 
which  most  nearly  resemble  it  are  the  San  .loai|uin  red  adobe,  as  it 
occurs  in  the  San  Joaquin  and  Saci-amento  valleys,  and  the  Fullerton 
sandy  adol)e  of  the  coast  region  of  southern  California. 

A  mechanical  analysis  of  one  specimen  of  this  soil  is  given  on  {>age 
■lU,  under  No.  7t)63.  This  sample  was  collect*'d  a  few  miles  south  of 
Oran,  and  represents  the  heaviest  phase  of  this  red  soil.  We  have 
not  found  in  America  a  type  of  red  adobe  in  which  the  avemge  clay 
content  is  so  high.  The  black  adobes  of  the  United  States  are  some- 
times very  clayey,  but  most  American  adobes  contain  nmre  silt  than 
clay.  The  same  soil  typo  was  also  observed  at  Arzeu,  in  western 
Algeria,  at  various  loi-alities  near  Algiers,  and,  to  a  less  extent,  around 
Tizi  Ouzou,  in  Great  Kabylia, 

River  bottoms  in  the  littoral  zone  are  characterized  by  soils  that  are 
quite  different  from  the  red,  clayey  type  just  descril>ed;  and  are,  in 
fact,  mere  continuations  of  the  soils  of  the  next  zone.  They  are 
usually  alluvial  deposits,  clayey  or  marly  in  texture,  and  iire  <|uite 
fertile.  They  contain  iin  abundance  of  potash,  though  they  are  some- 
times deticient  in  phosphoric  acid. 

VALLEY  AKD  FLAIH  ZOKE. 

The  large  valleys,  which  in  some  cases  are  so  extensive  as  to  he 

virtually  plains,  contaiu  a  great  variety  of  soils.     The  plains  of  the 
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Mitidja,  Ch^Iiff,  Mina,  Habra,  and  Macta  are  typical  of  many  other 
valleys  and  plains  in  Algeria.  A«  before  mentioned,  they  are  similar 
ill  many  ways  to  the  interior  valleys  of  California.  The  soils  are 
mainly  alluvial  and  are  genemlly  tieavy.  Around  Kelizane  and  Pcr- 
r^gaux,  where  the  writers  made  most  of  their  studies,  the  soil  is 
similar  to  the  San  Joaquin  black  adol)e.  In  the  Mitidja  the  heavier 
soils  are  well  supplied  with  jKitash  and  are  fairly  well  provided  with 
nitrogen  and  phosphoric  acid.  In  the  Ch^liff  Valley  these  elements 
are  less  abumtant. 

Sample  No,  7658,  in  the  table  given  below,  shows  the  results  of  a 
mechanical  analysis  of  the  heaviest  of  the  valley  adobes.  This  sample 
was  collected  from  a  Held  which  was  very  fertile  twenty  years  ago, 
but  which  has  since  l)een  mined  by  the  rise  of  salts,  and  is  to-day 
valueless.  This  soil,  before  it  had  I>econ)e  saline,  had  exhibited  great 
fertility  during  a  long  series  of  yeai-s.  In  fonner  years  it  yielded 
grain  of  a  superior  grade  and  good  crops  of  cotton.  Sample  No.  7660 
represents  a  type  of  this  adobe  .soil  of  medium  heavinew.  Soil  of  this 
kind  is  often  planted  to  vines,  fruits,  and  olives.  The  sample  was 
collected  near  Peir^gaux,  at  La  Ferme  Blanche,  hejidquarters  of  one 
of  the  largest  vineyards  in  Algeria.  A  still  lighter  type,  one  closely 
approaching  a  sandy  loam,  is  represented  by  sample  Ko.  7061.  This 
type  is  usually  found  in  the  higher  jwrtions  of  the  vallej-s,  and  is 
planted  to  vines  and  alfalfa. 

HOmTAnt  ZOHX. 

The  soils  of  the  mountain  zone  of  the  coast  region  can  be  divided 
into  (1)  vallej'  soils  and  (-2)  .soils  of  the  bills  and  mountain  slopes.  The 
hills  and  mountains  are  covered  with  cither  residual  or  colluvial  soilis. 
As  a  rule,  these  soils  are  more  or  le^s  gravelly  or  stony,  and  are  light 
and  well  drained.  The  lower  slopes  frequently  have  heavier  adobe 
soils,  similar  in  character  to  the  adobes  of  the  lower  .slopes  of  the 
Sierra  Nevada  and  the  coast  range  in  California. 

The  soils  of  valleys  in  the  mountain  zone  are  generally  alluvial, 
being  composed  of  the  waste  from  adjoining  hills  and  mountains.  The 
smaller  valleys  have  light,  usually  well-drained,  soils  containing  some 
gravel. 

Taulk  7. — Mechanical  anniyu-f  afiviiKt  regiini  milt. 
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HIGH  PI^TELATI  BEOION. 

The  soils  of  tliis  region,  derived  largely  froDi  cretat^eous  and  ter- 
tiary rock.s,  are  in  great  part  alluvial  deposits  washed  down  from  the 
neighlwring  mountains.  Particularly  in  eastern  Algeria,  soils  very 
rich  in  phosphatps  occur.  These  would  be  extremely  fertile  if  water 
wherewith  to  irrigate  them  were  available.  Calcareous  hardpan  under- 
lies a  great  deal  of  the  surface  of  the  high  plateau.  Wliere  this 
impervious  layer  is  quite  near  the  surface  the  vegetation  is  sparse  and 
woody  plants  are  absent. 

The  high  plateau  soils  grade  from  stony  soils  on  the  lower  slopes  of 
the  mountains,  through  sandy  loams  and  loams,  to  heavy  clay  loams 
and  clays  in  the  Imttoms  of  the  depressions.  These  depressions,  known 
among  the  Arabs  as  "  chotts,"  are  a  conspicuous  feature  of  the  steppes. 
While  occasionally  filled  with  water,  the  bottom  is  commonly  dry  and 
covered  with  a  layerof  salt.  The  chotts  greatly  resemble  the  "playa" 
lakes  of  the  (ireat  Basin  region  in  Utah  and  Nevada  and  of  the  ^'  l)ol- 
son"  plains  of  the  southwestern  United  States  and  Mexico.  The  soil 
in  the  bottom  of  the  chntta  is  always  heavy  and  impervious. 

DESERT  REGION. 

The  soils  of  the  western,  part  of  the  Algerian  Sahara— which  is  of 
\'ery  little  agricultural  importance — more  or  less  resemble  those  of 
the  very  arid  parts  of  the  high  plateau.  In  the  eastern  part  of  the 
desert,  where  numerous  oases  occur,  the  chai-aotcr  of  the  soil  becomes 
a  matter  of  greater  i>ractical  interest.  The  <;omliined  area  of  all  the 
oases  amounts  to  but  a  small  fraction  of  1  per  cent  of  the  total  surface 
of  the  desert.  The  limited  localities  where  oases  occur  are  determined 
by  the  presence  of  water  rather  than  b^'  any  exceptional  fertility  of 
the  soil.  As  a  matter  of  fact,  there  are  vast  tracts  in  the  Sahai'a  which 
are,  probably,  natui-ally  more  fertile  than  the  oases  and  i-equire  only 
water  to  make  them  extremely  productive. 

The  tield  observations  ma<le  by  the  wi-iters  were  i-onlined  to  a  num- 
ber of  typical  areas  in  the  Oued  Kirh  country.  There  are  found  the 
most  important  oases  that  are  easily  accessible  from  the  Mediteri-anean 
coast.  They  are  situated  in  what  is  prolmbly  the  hottest  part  of  the 
desert  and  their  elevation  above  sea  level  is  only  a  few  feet.  In  fact, 
several  of  the  oases  occur  in  a  part  of  the  basin  that  is  below  sea  level. 

As  a  rule  the  soils  of  the  oases  in  the  eastern  Sahara  are  light  in 
texture.  Sandy  loams  and  sands  predominate,  though  here  and  there 
are  found  soils  heavy  enough  to  be  cla.ssed  as  true  loams.  Gypsum  is 
an  important  constituent  of  nearly  all  the  soils  examined,  in  some 
(ases  the  subsoil  being  practically  pure  gypsum.  This  often  acts  as  a 
cementing  material,  uniting  the  finer  soil  grains  into  aggregates  which 
give  the  soil  a  much  more  sandy  appearance  than  would  be  suspected 
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from  the  result^  of  iiieclianical  analyses.  The  datu  afforded  l>y  a  niini- 
l>er  of  Hnalyses  are  jjivcii  l>elow. 

The  iiatiiml  fertility  of  these  sandy  soils  is  not  {ji-eat.  They  are 
almost  devoid  of  organic  matter  and  after  a  few  years  of  cultivation 
need  fertilizing.  This  is  supplied  l>y  the  Arabs  in  the  form  of  nianim^ 
from  donkeys,  »he<<p,  and  camels.  The  soils  of  the  date  orchards  that 
have  heen  planted  liy  the  two  Freni-h  eompanies  are  also  fertilized. 

The  following  table  gives  the  results  of  mechanical  analyites  of  a 
nnm)>er  of  maniples  of  soil  collected  in  the  Oued  Kirh  region  of  the 
eastern  Sahara.  Chemical  analyses  have  not  been  carried  further  than 
a  determination  of  the  water-soluble  material. 
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BALINB  SOILS. 

As  in  all  arid  countries,  particularly  where  irrigation  is  practieed. 
saline  soils  are  an  important  factor  in  the  agriculture  of  Algeria. 
Extensive  ai-eas  of  the  most  fertile  land  (if  the  colony  have  lieen 
injured  l»v  an  excess  of  salts,  and  the  alkali  problem  is  to-day  one  of 
the  most  serious  which  confronts  the  Algerian  farmer.  Drainage  is 
not  generally  practiced  by  the  coloni.sts  in  their  large  irrigation  dis- 
tricts, and  the  lack  of  it  has  l>een  the  cause  of  a  great  deal  of  damage. 
On  the  other  hand,  the  natives  of  the  Sahara  show  the  utmost  inge- 
nuity and  skill  in  managing  salty  .soils  and  in  irrigating  with  saline 
waters.  There  is  much  in  the  methods  jiractiied  by  these  people  that 
should  intere.st  the  American  farmer  and  that  could  be  imitated  by 
him  with  protiL 
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COABT  AXOIOH. 


The  litturul  zone  of  thi;  coast  region  compriNes  very  little  alkali  or 
saline  land.  A  few  arcax  of  salt  marsh  ot-i^ur  along  the  shore,  hut  nut 
much  had  l>een  done  toward  their  reclamation. 

The  mo^t  extensive  areas  of  salt  Koil  in  the  coast  region  are  those 
found  in  the  great  valleys  and  plains.  Certain  of  these  areas  have 
existed  for  a  long  time.  Others,  including  some  of  the  mu.st  serious, 
have  been  developed  under  irrigation  within  the  last  fifty  years.  The 
Dioiit  important  tracts  of  salt  land  seen  by  the  writers  were  near  the 
towns  of  Relizane  and  Perrf^gaux,  in  the  Departiuent  of  Oran, 

At  Relizane  the  area  covered  by  the  irrigation  systems  amounts  to 
about  20,000  acres.  As  the  water  supply  very  frequently  falls  far 
short  of  the  amount  necessary  for  the  irrigation  of  this  large  area,  part 
of  the  land  is  ordinarily  lying  idle.  The  irrigation  of  .surrounding 
lields,  together  with  seepage  from  the  canals  and  laterals,  has  so  raised 
the  water  table  in  this  uncultivated  land  as  to  i>ermit  a  constant  upward 
movement  of  the  water  by  capillary  force.  The  result  has  been  that 
salts  which  were  formerly  confined  largely  to  the  subsoil,  or  which 
have  been  carried  into  the  soil  by  suhirrigation,  have  risen  to  the  sur- 
face aud  have  accumulated  there.  The  same  process  of  accumulation  of 
salts  in  the  upper  layers  of  the  soil  has  caused  serious  damage  jn  many 
parts  of  western  North  America.  Around  Kelizanc  the  old  story  has 
been  retold  that  land  once  fertile  and  producing  luxuriant  crops  is 
to-day  bare  of  everything  but  a  few  stunted  salt-loving  weeds.  The 
remains  of  irrigating  laterals,  fences,  and  houses  alone  show  that  the 
land  has  ever  been  fanned. 

At  Perr^-gaux  a  similar  .state  of  affaiw  prevails,  Imt  a  much  larger 
area  is  affected.  The  salt  land  covers  an  extensive  tract  in  the  lower 
jwrt  of  the  valley  and  includes  fields  that  a  few  years  ago  were  highly 
productive.  A  few  attempts  at  reclamation  have  been  made,  and 
some  excellent  fields  were  seen  which  were  said  to  have  In-en  badly 
saline  at  one  time;  but  no  large  areas  have  been  improved. 

The  soil  and  other  conditions  of  saline  areas  in  the  irrigiUed  districts 
of  Algeria  have  no  important  peculiarities  which  distinguish  them  from 
similar  localities  in  America.  The  salts  are  gcnendly  "  white  alkali." 
i.  e'.,  salts  of  sodium  (other  than  the  airl>onate),  magnesium,  and  liuu'. 

Chemical  analyses  of  samples  of  these  soils  taken  by  the  writers  are 
given  on  page  46.  The  predominant  salt-''  are  of  the  "  white  alkali "' 
type,  common  salt  (sodium  chlorid)  being  the  most  abundant.  Very 
little '*  black  alkali '' (sodium  carlionate)  has  been  found  in  the  coa^^t 
region  of  Algeria, 

The  question  of  salt  land  in  Algeria  has  been  di.'4<;us3cd  in  a  recent 
publication  by  Dugast,  who  devotes  particular  attention  to  the  damage 
that  has  been  wrought  in  the  vineyards  of  western  Algeria  by  the  rise 
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of  salts  in  the  soil.     We  may  l)e  excused  for  quoting  at  iM>me  length 
from  this  author." 

It  is  Hea  salt— that  ix,  true  Halt — that  ix  generally  found  in  Algeria,  but  inattnesinin 
Halta  have  aluu  liecn  founil  in  several  vJofyanla.  An  for  the  alkali  saltH,  or  "Mack 
alkali,"  we  have  not  yet  <.t)nie  ai-rous  theni.  They  prohably  appear,  liowever,  when 
circumatancefl  favorable  to  their  formation  exirt.  •  •  •  But  if  theirexielem'e  is 
transient,  if  washing  dntm  nol  take  plai«  to  nepamte  them  from  the  other  fldtF,  it  in 
difficult  to  det«nni[ie  their  presents. 

In  1876  Pichard  called  attention  ti)  the  presence  of  carbonate  of  sodimn  in  i>everal 
waters  in  Oran  Ueiiartnient,  accompanied  by  Bulphates  of  iwxliuin  and  calcium  and 
chloride  of  calcinm  and  magnesium,  sometimes  by  small  quantities  of  alkali  nitrates 
and  traces  of  ammonium  salts.  These  waters  give  an  alkaline  reaction  and  contain 
from  0.2  gram  to  20  grains  of  sodium  carbonate  per  liter. 

While  the  salt  is  directly  harmful,  it  is  also  indirectly  injurious  by  hindering;  the 
nitrilicaUon  of  the  nitrogenous  matter  existing  in  the  soil  ur  added  tu  it  by  manure. 
Hence  it  interferes  with  the  alimentation  of  plants. 

In  vineyards  salt  manifests  itaelf  in  spots  which  differ  in  aspect  a4x-ording  as  they 
are  old  or  new.  Wheii  the  salt  is  in  small  quantities  in  the  soil,  or,  rather,  when 
the  soil  still  contiuns  a  considerable  proportion  of  water,  or  when,  again,  the  salt 
reaches  only  a  part  of  the  zone  of  soil  occupied  by  the  roots,  the  K[iotK  are  <-hartu^ 
terized  by  a  simple  wilting  of  the  vegetation. 

At  other  times  the  damage  caused  by  the  salt  is  sudden  and  much  more  pn>- 
niiunced.  The  plaeeri  attacked  then  take  the  form  of  circular  spots.  The  brand lea 
of  the  vines  that  bear  grapes  lose  their  leavejj  and  dry  up,  and  the  grapes  do  not 
reach  complete  maturity. 

In  1898  and  in  1899,  at  the  time  of  our  visit  [to  the  vineyards  of  Oran  Department], 
we  saw  numerous  spots  presenting  these  characteristics.  Such  spots  were  occupied 
by  vines  loadeil  with  grapes,  but  the  branches  had  completely  lust  their  leaves.  All 
around  them  the  vines  were  green  and  were  well  loaded  with  a  fnxA  crop  of  grajics. 

In  the  older  spotK,  whi<;h  are  sometimes  very  extensive,  mogt  of  the  vines  art- 
dead.  We  And,  however,  here  and  there,  some  vines  that  have  resisted  Ihe  salt  an<l 
have  l)eeii  able  to  put  out  badly  developeil  branches  bearing  a  few  grapes  of  poor 
quality.     Tliewe  old  sjiots,  although  due  (o  salt,  inuch  resemble  those  caused  by 

The  reclaiming  of  salt  land  is<  diflicult  to  at-complinh  in  .\lgeria.  The  rainfall  in 
always  insufhcient  to  bring  alxmt  reclamation,  and  the  siijiply  of  irrigation  watfr  is 
also  scanty. 

For  the  present  we  must  try  lo  get  along  with  the  salt,  doing  our  best  to  prevent 
its  lieconiiiig  too  injurious.  This  can  Ite  done  by  working  the  Boil  to  a  depth  of  20 
inches,  so  that  the  rain  water  can  l«  stored  in  that  depth  of  the  soil.  In  thia  way 
the  fresh  water  can  lie  prevented  from  penetrating  sufficiently  dct-p  to  dieeolve  the 
salt  and  by  ilH  presence  it  restrains  the  salt  from  rising.  It  is  necessary,  of  coarse, 
by  superficial  cultivation  to  break  up  the  capillarity  of  the  soil,  so  as  to  reduce  evap. 

Drainage  dil<:hea  can  also  l>v  used  in  <f  rtain  lands  for  tarrying  off  the  salty  water 
of  the  lower  depths  of  the  wnl.  I)itj-hes  can  also  lie  used  in  i-ertaiii  casee  to  prevent 
the  invasion  itf  new  land  by  the  sheet  of  salt  water. 

Saline  .wil.-*  of  purely  niitumi  origiu  are  found  in  and  near  the  chotts 
which  occupy  depics.siotis  and  receive  the  drainage  of  the  surrounding 
land.     In  Much  placex  salt  has  been  accumulating  through  long'  ages. 

«  Agmlogie  de  I'Alg^rie,  1000,  pp.  56,  68,  59,  71,  T2,  77,  78,  80,  81,  89,  90. 
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In  the  fliy  season  the  bottom  of  the  baain  in  covered  with  a  crust  of 
salt,  in  Monie  cases  of  sufficient  thicknes,'^  to  make  its  exploitation  profit- 
aWe.  In  the  wet  ^eat^on  this  givea  place  to  a  shallow  lake  of  salt  water. 
A  number  of  sucK  chotts  occur  near  the  coast  in  western  Algeria. 
The  writers  vi«ited  one  large  i«lt  lake  near  Arzeu  and  another  near 
Oran,  At  the  LSalines  d'Arzeu  great  quantities  of  commercial  salt  are 
prepared.  These  chotta  correspond  to  similar  salt,  soda,  and  "  playa" 
lakes  of  Utah,  Nevada,  and  other  western  States. 

Many  salt  lakes  also  occur  in  the  high  plateau  region.  In  the  eastern 
part  of  the  Sahara  the  chotts  cover  extensive  area.s  south  of  Tunis  and 
of  the  Department  of  Oonstantine.  There  they  are  below  sea  level, 
and  the  country  around  them  is  very  hot  and  dry. 

fiESSBT  SEOIOH. 

The  saline  soils  of  the  Oued  Kirh  re^on  in  the  Hiiliara,  so  far  a»  they 
were  examined  by  the  wnters,  generally  contain  a  large  amount  of 
gypsum,  (.-"ee  p.  46. )  Sodium  chlorid  and  sodium  sulphate  are  the  next 
most  abundant  salts,  while  magnesium  salts  are  present  only  in  small 
quantities.  The  Saharan  soils  are  usually  of  very  light  texture,  and 
their  proper  irrigation  demands  largp  quantities  of  water.  The  wat«r 
used  contains  a  high  percentage  of  soluble  matter.  Consequently, 
where  proper  drainage  facilities  have  not  been  provided,  the  salt  ha.s 
accumulated  in  the  soil  to  an  injurious  degree.  Yet,  by  digging  open 
drains  3  feet  deep  at  fretjuent  intervals  and  irrigating  once  a  week 
or  oftener,  the  natives  of  the  Sahara  ai-e  able  to  maintain  gardens  con- 
taining a  variety  of  plants  not  particularly  resistant  to  .salts  in  the  soil. 

More  than  this,  using  strongly  saline  water  (se^  p.  38}  they  are 
able  to  reclaim  land  that  contains  an  excessive  amount  of  salts.  The 
writers  visited  a  garden  which  had  been  established  on  the  slope  of 
the  bed  of  a  salt  lake,  in  which  alfalfa,  various  garden  vegetables,  and 
a  variety  of  young  fruit  trees  wei-e  flourishing.  The  reclamation  of 
this  piece  of  land  had  been  accomplished  in  three  years  by  irrigating 
twice  a  week  during  that  period. 
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BOTATIOHB. 


In  tlip,  ^niiii-pn)diiciiijf  districts  of  Aljfoi'ia  the  rotation — if  it  ran  bo 
(•ailed  jiHch  commonly  followed  consists  of  it  year  (winter)  in  a  cci-eal 
crop  followed  by  a  year  of  fallow.     In  other  words,  the  land  lies  idle 
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for  sixtfpn  or  eighteen  month.s  out  of  twenty-four.  This  system  was 
billowed  by  the  uiicJent  (ii-eeks  and  Romans,  and  is  still  in  vogue 
among  their  dem-endanb'  in  the  Mediterranean  region.  It  is  to  he 
recommended  only  for  fortntries  where  the  i-ainfall  and  the  .-supply  of 
irrigating  water  are  too  scanty  to  permit  rotation  with  a  soil-restoring 
crop  and  where  manure  can  not  be  had  in  any  considerable  quantity. 
Such  is  the  ca-<e  in  the  most  important  cereal -growing  districts  of 
Algeria.  A  larger  net  profit  is  often  obtained  from  2  acres  of  grain 
managed  in  this  way  than  from  1  acre  that  is  heavily  manured.  If 
deep  and  thorough  plowing  in  included  in  this  method  of  handling  the 
soil,  the  henelit  to  the  land  that  would  accrue  from  the  use  of  another 
crop  in  rotation  can  be  partly  compensated  for. 

No  Icguminou.s  crop  haa  yet  been  found  which  can  be  profitably 
grown  on  a  large  scale  in  Algeria  in  imitation  with  wheat  and  barley. 
The  scarcity  of  irrigating  water  is  chiefly  responsible  for  this  condi- 
tion, and  wherever  water  is  abundant  the  <|uestion  of  rotation  cearies  to 
be  a  troublesome  one.  In  that  case  a  crop  of  horse  l>eans  or  vetch-^ 
or,  if  manure  is  obtainable,  of  l>eeta,  potatoes,  or  tobacco — followed 
by  two  crops  of  grain  is  found  to  make  a  satisfactory  rotation. 

FESTIUZEBB. 

Whatever  may  have  l>een  their  natural  condition,  the  cropping  of 
Algerian  soils  for  thousands  of  years,  often  without  intelligent  effort 
to  conserve  their  fertility,  has  resulted  in  greatly  impoverishing  them. 
In  large  areas  the  soil  is  low  in  phosphates  and,  to  a  greater  or  lesser 
extent,  in  nitrogen.  Potash,  on  the  other  hand,  is  generally  suffi- 
ciently abundant.  In  the  coast  region  much  of  the  soil  v&n  be  bene- 
fited by  liming. 

During  the  first  few  years  after  the  French  conquest  no  particular 
attention  was  paid  to  questions  of  fertilizers  and  of  rotation.  Soon, 
however,  under  the  influence  of  the  more  intensive  farming  practiced 
by  Europeans,  the  yield  of  crops  t>egan  to  diminish,  and  it  became 
necessary  to  look  for  a  remedy.  In  the  littoral  zone  of  the  coast 
region,  where  there  is  intensive  cultivation  of  market  gardens,  orchards, 
and  vineyards,  the  use  of  farm  manure  and  of  commercial  fertilizers 
has  become  general.  In  183(i  the  annual  consumption  of  Algerian 
phosphates  alone  in  the  colony  had  reached  «,(MK»  tons.  In  1900  the 
total  quantity  of  mineral  fertilizers  applied  yearly  to  the  soils  of 
Algeria  wa.-*  estimated  at  1.^>,00(I  tons.  The  use  of  mineral  fertilizers 
is  limited  almost  entirely  to  the  littoml  zone. 

In  the  large  valleys  of  the  coast  region,  where  vineyards  and  fields 
of  grain  cover  extensive  areas,  it  is  e.stinmtcd  that  not  one-twentieth 
of  the  total  amount  of  cultivate<l  land  is  given  any  fertilizer  whatever. 
The  supply  of  farm  manure  is  exceedingly  s<-anty.  as  the  absence  of 
cultivated  forage  crops  prevents  the  raising  of  many  cattle.     Where 
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farm  manure  i»  obtainable  it  \h  thought  to  >>c  more  beneficial  thftii  any 
oommercial  fertilizer,  since  Algerian  soils  are  often  deficient  in  oi^nic 
matter  and  manure  htm  a  very  beneficial  physical  effect  upon  them. 
It  is  considered  good  pi-actice  to  apply  manure  in  the  autumn,  after  a 
year  of  fallow,  thus  obtaining  an  abundant  <^rop  of  wild  forage  the 
following  winter.  Grain  is  then  grown  during  the  second  and  third 
winters  after  the  application  of  manure. 

PEEFABATIOH   07   THE    LAUD. 
CLKAKING    ANI>   LEVKLINO. 

In  the  coast  region  some  of  the  best  land  is  still  covered  with  a  dense 
growth  of  brush,  comprising  lentisk,  jujube,  heath,  broom,  and  other 
vharacteristib  shrubs  of  the  Mediterranean  region.  This  shrubby 
vegetation  is  luxuriant  in  proportion  to  the  depth  and  fertility  of  the 
soil.  Its  removal  generally  costs  about  $ll>  an  acre.  In  the  neighbor- 
hood of  cities  this  expenst*  can  partly  be  met  by  the  sale  of  the  wood 
removed  and  of  charcoal  ma<le  from  it.  It  costs  still  more,  from  IJiM' 
to  $24  an  acre,  to  clear  land  which  bears  a  heavy  growth  of  dwarf 
palm,  a  deep-rooted  plant  that  still  covers  extensive  ai-eas  in  Algeria. 
The  roots  of  the  palms  can  be  loosened  by  means  of  h  steam  plow,  and 
then  removed  with  a  pick.  In  the  work  of  clearing  land,  Hiianinh, 
Moroccan,  and  Katiyle  laborers  are  most  expert. 

Leveling  is  done  with  scrapers,  which  are  generally  drawn  by  horses. 
The  average  expense  of  leveling  an  acre,  if  two  men  and  three  animals 
are  employed,  is  about  $8. 


The  Arab  plow,  generally  used  in  Algeria,  has  the  forward  part 
supported  directly  by  the  yoke  or  harness  of  the  animal  whi<',h  di-aws 
it,  while  the  working  part  is  limited  practically  to  the  share.  The 
Kabyle  plow  i-onsists  of  two  pieces  of  wood  (often  the  forked  branch  of 
a  tree)  meeting  at  nearly  a  right  angle,  the  upright  piece  being  shaped 
so  as  to  serve  as  a  handle,  while  to  the  horizontal  piece  the  iron  share 
is  fastened.  Two  wooden  projections  at  the  end  of  the  horizontal 
piece,  just  above  the  share,  serve  to  widen  the  furrow  that  is  made. 
The  iK'am  is  fastened,  by  means  of  a  peg,  inlo  the  angle  made  by  the 
two  pieces.  One  end  of  the  beam  is  fastened  by  a  -strap  directly  to  the 
wixiden  yoke  of  the  animal  which  draws  the  plow.  One  man  works 
the  plow,  driving  the  animal  with  one  hand  and  holding  the  handle 
'  with  the  other.  The  instruments  used  by  the  natives  break  up  the 
soil  only  to  a  \ery  small  depth.  Among  the  European  colonists 
improved  modern  plows  are  now  coming  into  use.  On  the  lai^est 
farms  steam  plows,  openited  by  two  Hi-horsepower  engines,  arc  some- 
times used.     In  some  of  the  larger  towns  steam  plows  can  be  hired. 
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Forciiltivatin^  viiitiviii-ds,  AniorKiui  giiiiff  pl«w.s  are  preferred.  The 
use  of  tht!  disk  liitrmw  \i*  widcMjjiead. 

Ill  prepariny  for  n  iTop  of  ccrenlK  the  land  is  generally  not  plowed 
until  fall.  Thi.s  in,  however,  a  liad  pi-actice,  for  if  there  are  heavy 
rains  early  in  the  autumn  the  land  is  soiiietiines  too  wet  to  permit 
of  plowinjj;  before  the  first  of  the  year.  If,  on  the  (rontrary,  the 
iTiiiis  are  unusually  late,  the  -soil  may  he  too  diy  and  hard  to  make 
early  plowing  possible.  In  c-onstquence,  the  crop  is  Mown  late  and  is 
often  dried  up  by  the  hot  winds  of  late  spring  and  early  summer. 
Spring  plowing  in  preparation  for  a  winter  crop  is  therefore  highly 
ret'ommended  by  the  t>est  authorities.  It  in  pointed  out  that  ao  s 
result  of  this  practiee  the  soil  loses  less  moisture  during  the  summer 
fallow,  besides  l>eing  in  excellent  condition  to  absorb  the  firat  rain 
that  falls  upon  it  in  the  autumn.  It  is,  inde<!d,  advisable  to  keep  the 
surface  of  the  soil  in  a  well-pulverized  condition  at  all  times  when 
there  is  no  crop  in  the  land. 

i)c<-p  plowing  is  found  to  have,  up  to  ii  certain  point,  the  same 
etfect  as  rotation  and  the  use  of  fertilizers.  lieyond  that  iK)int,  how- 
ever, the  yield  of  crops  will  diminish,  no  matter  how  thoroughly  the 
land  is  plowed,  unless  some  other  means  is  taken  to  restore  the  fertility 
of  tlie  soil.  At  Setif  good  cultivation  is  made  to  take  the  place  of 
irrigation,  and  excellent  rrops  of  cereals  and  of  leguminous  food  and 
forage  phmts  are  produced  without  artilicial  watering. 

In  pre[)aring  land  that  is  comparatively  Rat,  in  order  to  estahliKh 
market  gaidens,  vineyards,  and  orchaixls,  it  has  l)een  found  that  a 
steam  plow,  turning  the  soil  to  a  depth  of  from  20  to  M  inches,  can  lie 
used  to  advantage.  In  licit  of  this  an  oi'dinary  plow,  followed  by  a 
subsoiler,  will  answer  the  purpose.  On  hillsides  that  are  too  steep  for 
the  plow  the  soil  is  Utosciied  with  picks,  usually  to  a  depth  of  from 
24  to  as  inches.  The  expense  of  preiMiring  an  acre  in  this  way  averages 
about  ffiiti).  Homctimes  the  pi<-k  is  also  used  for  loosening  the  soil  in 
oix-hards  wlicic  tins  trees  are  set  \ery  close  together  and  in  market 
gartlens.    The  plow  used  in  market  ganlens  is  generally  a  very  light  one. 

OEHEEAI  ECOKOHIC  COHSITIONS. 
HISTORICAL  AND  POLITICAL. 

According  to  the  census  of  IWHi,  the  ]>opulation  of  Algeria,  exclud- 
ing the  army,  was  4,:^Hi),il(Mi,  of  which  8tJ  per  cent  was  Mohammedan. 
Tlio  great  imix>rtance  of  agriculture  is  shown  by  the  fact  that  four- 
lifths  of  the  inhabitants  live  by  farming  or  by  raising  animals,  almost 
the  whole  of  the  native  ixipuliition  being  thus  employed.  The  total 
area  now  under  French  dominion  is  tilx>ut  1.">(),IH)I)  s(|iiare  miles,  but  a 
lai^e  proportion  of  this  area  is  a  barren  desert,  without  water  for 
28932— No.  HO— «)— I 
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irrigation.  An  area  of  3,460,000  acres,  including  inoft  of  the  best 
Hrable  land,  is  held  by  European  <^oloni8t»,  while  about  17,290,000 
acres  ih  still  the  property  of  natives.  The  remainder,  including  large 
forested  areas  and  vast  tracts  of  steppe  covered  with  alfa  grass,  is 
government  land.  There  is  one  inhabitant  to  everj'  17i  acres  of  land 
belonging  to  Europeans,  and  one  inhabitant  to  every  5  acres  held  by 
natives. 

California,  with  an  area  slightly  exceeding  that  of  Algeria  (15fi,000 
square  miles),  ha«  a  population  of  about  1,500,000.  The  combined 
populations  of  Arizona,  California,  Colorado,  Montana,  Nevada,  New 
Mexico,  Oregon,  South  Dakota,  Utah,  Washington,  and  Wj'omtng 
about  equal  that  of  Algeria.  The  traveler  in  Algeria  does  not,  how- 
ever, get  the  impression  that  the  colony  is  well  populated.  On  the 
conti'ary,  it  seems  a  new  country,  and  capable  of  far  greater  agricul- 
tural development  than  has  yet  been  attained. 

LAin>   VALUES. 

In  a  country  like  Algeiia,  where  climate,  soils,  and  crops,  not  to 
speak  of  means  of  communication  and  nearness  to  large  commereial 
centers,  vary  so  much  in  different  regions,  it  is  extremely  difScult  to 
generalize  as  to  the  value  of  the  land.  Within  20  miles  of  lai^e  towns, 
where  there  are  good  facilities  for  transportation  by  road  or  by  rail- 
way, the  best  land  is  worth  from  $25  to  $70  an  acre.  In  proportion 
as  remoteness  from  important  centers  and  difficulties  of  (M>mnmnication 
increa.se,  the  value  diminishes  to  $lt>  or  less. 

An  acre  in  vines  near  Algiers,  a  region  unatTeeted  by  phylloxera, 
is  worth  fi-orn  $80  to  $330.  Orchai-d  and  truck  land  well  supplied  with 
artesian  water  sells  for  from  $80  to  $160,  and  the  best  market-garden 
land  near  Algiers  at  very  much  higher  prices,  sometimes  as  much  as 
$230.  Orange  groves  in  full  Iwariiig  are  worth  from  $480  to  $640  per 
acre.  ,  Olive  orchards,  in  land  of  good  quality  but  not  capable  of  irri- 
gation, range  in  value  from  $80  to  $240  per  acre.  An  acre  of  fig  trees 
is  valued  at  $U5  to  $230.  Facilities  for  irrigation,  of  course,  enhance 
those  values, 

FARU  LABOR. 

The  great  bulk  of  the  farm  work  in  Algeria  is  done  by  the  native 
population— Arabs  and  Kabyles — either  in  the  employ  of  European 
colonists  or  working  for  themselves  on  land  they  own  or  rent.  The 
Kiibyles,  among  whom  the  native  agriculture  of  Algeria  has  reached 
its  highest  development,  arc  generally  more  industrious  and  more 
skillful  lalwrei-H  than  the  Aralw. 

Particularly  in  the  littoral  zone  of  the  toast  region,  where  the  Euro- 
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pean  population  im  densest,  much  of  the  labor  in  vinejanls,  orchards, 
and  market  gardenN  la  performed  l>y  immigi-ant:>  from  southern  France, 
Spain,  Italy,  the  Balearic  Inlands,  and  Malta.  In  all  those  countries 
agncultural  conditions  i-esembic  to  a  greater  or  less  extent  those  pre- 
vailing along  the  African  shore  of  the  Mediterranean. 

The  wages  paid  native  lalrorers  vary  accoiTling  to  the  lotaility,  the 
season,  and  the  nature  of  the  crop  grown.  Wages  to  natives  are 
highest  along  the  coast,  where  a  day's  la)H>r  in  summer  commands 
from  28  to  38  cent«.  Farther  inland  the  wage  varies  between  24  and 
^S  cciits.  Harvest  labor  performed  in  the  usual  fashion,  with  a  sickle, 
is  paid  at  the  rate  of  about  45  cents  a  day.  When  the  scythe  is  used 
from  65  to.  75  cents  a  day  is  earned.  Laborers  are  sometimes  employed 
by  the  month,  receiving,  without  board,  $6.50  to  $7.50.  If  somewhat 
more  skilled  than  the  average  they  are  paid  an  much  as  $D.  50  a  month, 
or  a  smaller  wage  is  given,  together  with  a  ration  of  about  2  pounds 
of  bread  daily,  and  each  month  2  quarts  of  olive  oil  and  a  few  pounds 
of  dried  figs  and  semolina.  For  tending  small  Hocks  owned  by  Euro- 
peans the  native  receives  from  ;J1.50  to  $2.75  per  month  with  food,  or 
$2.75  to  $4.75  without  food.  The  employer  always  retains  half  of  the 
wage  agreed  upon  until  the  expiration  of  his  contract  with  the  shep- 
herd, as  security  for  the  proper  care  of  his  flock.  Men  whose  families 
live  in  the  neighborhood  are  found  to  be  the  most  trustworthy  laborers 
among  the  natives. 

European  workmen  are  more  intelligent  and  conso<}uently  blotter  paid 
than  natives.  Their  wages  are  higher  in  eastern  Algeria  and  in  the 
interior,  where  the  conditions  arc  lejis  attractive  to  Europeans  than  in 
western  Algeria..  The  heavier  kinds  of  farm  labor,  if  done  by  immi- 
grants, fall  to  the  .share  of  Spaniards  and  Italians.  French  lalK>rers 
are  generally  engaged  in  such  work  about  the  orchards  and  vineyards 
as  requires  more  intelligence,  and  as  overseers  and  foremen.  The 
market  gardens  of  the  littoral  zone,  where  large  quantities  of  vege- 
tables are  grown  not  only  for  con.sumption  in  Algeria  but  for  export 
to  Europe,  are  rented  and  farmed  for  the  most  pai-t  by  Mahonnaia 
(natives  of  the  Balearic  Islands)  and  by  Maltese. 

Unskilled  Spanish  and  Italian  laliorei-s,  working  by  the  day  and 
finding  their  own  provisions,  earn  from  45  to  55  cents  a  day  in  winter 
and  as  much  as  75  cents  a  day  in  summer.  The  day's  work  in  winter 
lasfcj  nine  or  ten  hours,  with  an  hour's  rest  at  noon.  In  summer  the 
workday  is  twelve  or  thirteen  hours,  but  with  two  hours'  intermission 
at  noon  and  a  quarter  of  an  hour  for  rest  in  the  middle  of  the  morning 
and  ^ain  in  the  middle  of  the  afternoon.  The  same  kind  of  labor, 
if  employed  by  the  month,  commands  fi-oni  $5.50  to  $11.50,  board 
included.  The  morn  intclligept  French  lubore/s  naturally  receive 
much  higher  wages. 
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AORICtn.TUB£   OF  THE   NATIVE   POPU1.ATION. 
AHONO  THE  ABABB. 

The  Arab,  an  ii  riili;,  is  la;^\'  nrid  .shows  littli;  skill  and  initiative  in 
his  farming.  He  works  only  to  keep  from  starving,  hi.s  ambition 
being  satisfied  an  ^ioon  as  lie  has  enough  to  keep  body  and  soul  together. 
The  Ai-ab.s  of  the  coast  region  are  chirfly  tillers  of  the  aoil,  living  in 
rude  huts  or  "gourhis,"  while  those  of  the  high  plateau  and  desert 
regions  are  for  the  most  part  iiomadu^  shepherds,  dwelling  in  tents; 
but  both  pursuits — agrieulture  and  stock  raising — are  often  combined 
in  the  same  family. 

Agrieulture,  a.-s  pmcticed  by  the  Arab  who  hiis  not  ^HHin  influenced 
by  European  methods,  is  of  the  simplest  description.  His  plow  is 
made  with  a  few  strokes  of  a  hatchet  from  the  branch  of  a  trac,  and 
usually  has  no  metal  about  it.  Hitching  to  thi.s  rude  instrument  a 
horse,  a  camel,  or,  perchance,  his  wife,  he  merely  scratches  the  soil  in 
the  autumn  and  scattei's  his  wheat  or  liarlcy  seed.  He  then  goes  over 
the  field  a  second  time  with  a  plow,  covering  the  grain  to  a  depth  of 
3  or  4  inches.  After  that  is  done  he  folds  his  hands  and  waits  for  the 
crop  which  may  or  may  not  come,  satisfied  that  he  can  do  no  more 
and  that  the  result  is  in  the  hands  of  Allah.  In  the  spring,  before 
the  ground  has  dried  out,  he  putx  in  sorghum  or  Indian  corn  in  a  simi- 
lar fashion.  The  yields  of  gi'ain  thus  obtained  are  naturally  scanty 
at  iHtst,  while  in  dry  years  the  crops  sometimes  fail  entirely  and 
there  is  much  suffering  among  the  Arat)  population. 

In  better  soils,  especially  where  a  little  water  <^«n  he  had  without 
much  labor,  beans,  chick-peas,  and  melons  are  grown.  Near  streams 
the  Arab  often  has  a  small  orchard  of  figs,  pomegranates,  oranges,  ami 
apricots,  or  a  vegetable  garden.  None  of  these  ci-ops  receive  any 
particular  attention,  and  the  yield  and  quality  of  the  product  are  gen- 
erally  far  inferior  to  those  obtained  by  skillful  European  farmers. 

AHONO  TH£  SABTLEB. 

The  Kabyles  belong  to  the  ancient  Berber  mce  that  inhabited  north- 
ern Africa  before  it  was  coii<|ueved  by  the  Arabs — l>efore  even  the 
Oirthaginians  and  the  Uomaiis  occupied  the  country.  Nowadays  they 
Hie  confined  chieHy  to  the  mountjiinous  districts.  Their  principal 
territory  is  the  region  known  as  (ireat  Kabylia,  lying  between  the 
Djui'djuni  range  of  mountains  and  the  sea.  Hero  a  dense  population  is 
ci-owded  into  a  comparatively  small  area,  much  of  which  is  so  mountain- 
ous and  rugged  that  even  these  dauntless  farmers  can  not  make  ci'ops 
grow  uix>n  it.  Since  tlie  French  occupation  of  Algeria,  however, 
large  numlxMs  of  Kabyles  have  left  their  mountain  fastnesses,  si-eking 
work  as  farm  laborers  in  the  valleys  and  plains,  or  as  portoi^  in  ciUes. 
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Many  of  these  eniii^ninLs,  however,  spend  only  a  part  of  the  year  Jn 
the  lowlandn,  returning  home  with  their  saving-s  and  putting  in  the 
rest  of  their  time  cultivating  their  own  land.  Unlike  the  Arab,  the 
Kabyle  is  a  patient  and  persiistent  workman.  Ho  i>i  a  true  mountain- 
eer— frugal,  temperate,  and  hardy. 

It  is  astonishing  with  how  little  the  Kabyle  can  sustain  life.  He 
often  inheriU  the  merest  patch  of  land,  or  only  a  single  tree— some- 
times only  a  bmnch  of  an  olive  tree  that  has  its  roots  in  another  man^s 
land.  With  this  slender  patrimony  and  what  he  ran  make  hy  hiring 
his  labor  to  others,  be  supports  himself  and  his  family.  Now  that 
Kabylia  is  thoroughly  pai^ilied  and  the  tribal  wars  that  formerly 
w^jed  between  almost  every  two  neighboring  vilhiges  have  ceased, 
there  is  a  much  larger  acreage  available  for  cultivation  than  was  form- 
erly the  case.  Every  inch  of  arable  land  is  put  into  crops.  Grain 
and  forage  plants  are  grown  in  the  river  valleys  and  lower  slopes,  tigs 
and  olives  on  the  steeper  hillsides. 

It  is  in  horticulture,  especially,  that  the  Kabyles  excel,  the  country 
they  inliabit  being  better  adapted  to  orchard  than  to  field  crops.  They 
are  expert  in  grafting  and  other  horticultural  processes.  Olive  culture 
is  a  specialty  of  these  mountaineers.  Every  year  they  graft  large 
numbers  of  scions  of  improved  varieties  upon  wild  trees,  and  thus  con- 
stantly extend  the  area  of  their  olive  orchards.  Fig  trees  are  also 
planted  yearly  in  large  numlwrs.  They  are  handled  with  great  skill, 
caprification  l)eing  carefully  attended  to.  Of  olive  and  tig  trees,  as 
well  as  of  grapes  and  other  kinds  of  fruit,  there  are  a  number  of 
varieties  that  are  more  or  less  peculiar  to  Kabylia.  The  dried  leaves 
of  the  tig  and  the  twigs  of  the  olive  that  are  removed  in  pruning,  as 
well  as  the  leaves  of  the  ash  and  the  elm,  are  utilized  by  the  Kabyles 
as  forage  for  their  domestic  animals.  It  is  said  that  two-thirds  of  the 
population  of  these  mountains  depend  absolutely  upon  the  olive  and 
the  tig  for  subsistence.  Where  these  trees  aie  present  there  are  three 
or  four  inhabitants  to  every  5  acres,  while  in  parts  of  Kabylia  where 
they  are  wanting,  from  5  to  7  acres  of  land  are  required  to  support 
each  person. 

The  Kabyles  do  not  raise  cereals  in  quantity  sufficient  to  supply  their 
own  wants,  and  they  must  draw  upon  other  pvrts  of  the  colony  for 
grain.  Flour  is  made  into  semolina  or  baked  in  an  earthenware  traj' 
into  a  sort  of  unleavened  bread.  Flour  made  from  beans,  nuts,  Indian 
corn,  and  sorghum  is  mixed  by  the  poorer  classes  with  Ijarley  flour. 
Often  wheat,  barley,  iHtans,  and  other  plants  are  grown  together  in 
the  same  field.  Fruits,  excepting  olives,  figs,  and  grapes,  are  gener- 
ally of  poor  quality,  although  apricots,  pomegranates,  iwitches,  pears, 
apples,  and,  in  some  sheltered  valleys,  oranges  are  grown. 

Wheat,  barley,  and  beans  are  sown  in  the  autumn,  sorghum  and 
Indian  corn  in  the  spring.     Otherwise,  all  these  crops  are  handled  in 
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about  the  same  way.  Plowing  is  done  with  oxen,  hitched  to  a  rude, 
hoDiemade  plow  of  very  ancient  pattern,  which  turns  up  the  soil  to  a 
depth  of  about  5  inches.  The  yoke  i.s  so  adjusted  that  the  steepest 
slopes  and  even  the  soil  about  the  roots  of  a.  tree  ran  be  plowed.  A 
nian  follows  the  plow,  breaking  up  the  clods  with  a  pick.  Sowing  is 
done  by  hand.  The  lield.s  are  kept  very  clean,  the  weeds  that  are 
removed  being  used  as  forage.  HaiTesting  is  done  with  the  sickle  or 
even  by  hand.  Grain  Is  thrashed  by  treading  out  beneath  the  hoofs 
of  oxen  on  a  Hoor  of  hardenc<l  clay.  It  is  winnowed  by  tossing  into 
the  air,  the  wind  i«rrying  away  the  chaff. 

The  valley  lands  arc  irrigated  from  the  numerous  streams  that  run 
bank  full  in  the  spring.  The  tiny  garden,  which  eveiy  fairly  well- 
to-do  Kabyle  possesses.  Is  watered  and  manured  with  great  care,  and 
different  vegetables  follow  one  another  in  constant  succession  through- 
out the  year.  A  plot  of  ground  40  by  80  feet  is  thus  made  to  produce 
all  the  vegetables  needed  by  a  laige  family. 

Owing  to  the  small  area  of  land  in  the  mountains  that  can  be  spared 
for  forage  crops,  the  Kahyles  purchase  in  the  lowlands  most  of  the 
animals  they  use  in  their  farm  work,  fattening  and  reselling  them 
when  the  spring  plowing  is  over.  Donkeys  are  generally  u.sed  for 
carrying  loads,  and  mules  for  riding.  The  Kabyle,  unlike  the  Arab, 
takes  the  greatest  care  of  his  animals,  stabling  them  at  night  in 
his  own  house  and  doing  his  bast  at  all  seasons  to  provide  them  with 
sufficient  food. 

AHONO  THE  SAHASANB. 

The  population  of  the  ojises  in  the  eastern  part  of  the  Algerian 
Sahara,  the  only  part  of  the  desert  that  is  of  much  agricultural  inter- 
est, is  of  mixed  origin.  It  combines  strains  of  Berber,  Sudanese, 
and  Arab  blood.  In  winter  great  numbers  of  nomadic  Ai-abs  descend 
into  the  Sahara  with  their  flocks  and  herds,  which  range  during  the 
summer  over  the  plain.s  of  the  high  plateau  region.  But  there  is  also 
a  resident  jxipulation,  which  subsists  entirely  upon  the  products  of 
the  date  palm  and  the  various  cultures  that  arc  grown  in  its  shade. 
These,  the  true  Saharans,  are  very  skillful  gardeners,  understanding 
thoroughly  the  highly  spccializetl  culture  of  the  date  palm.  They  are 
adepts  in  the  management  of  soils  and  irrigating  waters  that  contain 
cxccs-sive  amounts  of  salt.  Despite  these  disadvantages,  which  are 
combined  with  the  most  unfavomble  climatic  conditions,  they  succeed 
in  growing  in  the  oases  a  variety  of  fruit  trees,  garden  vegetables, 
foi-age  plants,  and  cereals.  Not  only  in  their  own  gardens,  but  in 
the  plantations  of  palms  recently  established  by  French  capital,  the 
lalKir  is  i>erfonned  entirely  by  native.'*.  The  climatic  conditions, 
together  with  the  large  quantity  of  more  or  less  stagnant  water  that 
is  alwaj's  present,  make  the  oasis  environment,  at  least  in  summer. 
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enth'ely  unfit  for  European  labor.  Indeed,  the  Arabs  of  the  coast 
and  hij^h  plateau  regions  are  hardly  better  inured  to  the  summer  con- 
<lition^,  which  only  the  thoroughly  acclimat«d  natives  of  the  Sahara 
can  endure  without  suffering. 

CBOPS  OF  THE  COLONY. 

The  greatest  wealth -producing  crop  of  Algeria  is  the  vine.  The 
climate  an**  soils  of  a  great  part  of  Algeria,  as  of  California,  are 
perfectly  adapted  to  viticulture.  The  French  colonist^s  have  put  by 
far  the  greater  share  of  their  energy  and  capital  into  t!ie  growing  of 
wine  grapes.  In  ISHS  the  average  annual  value  of  the  product  of 
Algerian  vineyards  waa  estimated  at  $5,()00,CHX).  The  red  and  the  white 
table  wines  of  the  colony  are  steadily  improving  in  quality  and  are 
coming  more  and  more  into  favor  among  foreign  consumers.  There 
is  also  a  eonsiderahle  production  of  early  table  grapes  for  the  markets 
of  Europe. 

Various  orchard  croi>s  are  likewise  a  source  of  revenue.  First  and 
foremost  stands  the  olive.  Algeria  is  extending  year  by  year  the 
area  planted  to  olives,  a  product  for  which  northern  Africa  has  always 
l>een  famous.  As  the  inability  of  Italy  and  Spain  to  supply  the 
world's  demand  l)ecoraes  more  and  more  evident,  the  export  of  olive 
oil  from  Algeria  and  Tunis  will  douI>tless  steadily  increase.  Citrus 
fruits,  particularly  mandarin  and  other  oranges,  are  exported  in  con- 
siderable quantities.  In  this  industry,  however,  Algeria  finds  herself 
in  competition  with  Spain,  Sicily,  and  other  countries  which  liave  the 
advantage  of  a  larger  or  at  least  a  better  distributt'd  rainfall.  Figs  are 
grown  in  mo.'st  parts  of  the  colony.  In  Kabylia  they  are  dried  and 
prepared  for  export,  although  the  finest  sorts  of  figs  for  drying  are 
not  grown  in  Algeria. 

A  considerable  variety  of  other  fruits  in  grown,  chiefly  for  domestic 
consumption,  among  which  may  be  mentioned  pomegranates,  apricots, 
almonds,  peaches,  cherries,  plum.s,  apples, and  pears.  Tropical  fruits, 
such  as  the  banana,  pineapple,  guava,  and  avocado,  can  be  produced 
in  the  open  only  in  a  very  few  localities  along  the  coast,  and  can  never 
become  crops  of  the  first  rank.  The  kaki  and  the  loquat  are  more 
promising. 

A  restricted  yet  important  industry  in  Algeria  is  the  production  of 
dates.  Elspecially  in  the  Sahara,  dates  form  a  staple  food  of  the  inhab- 
itants, who  eat  great  quantities  of  the  ordinary  sorts.  The  finer 
varieties  are  now  lieing  grown  in  some  quantity  for  export  to  Eui-ope, 
and  a  considerable  amount  of  French  capital  has  been  invested  in  this 
enteiprise. 

Market  gardens  occupy  a  considerable  area  near  the  sea.  Large 
quantities  of  vegetables  are  grown,  not  only  for  the  use  of  the  home 
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puputation  but  for  shipment  to  Europe  to  siipply  the  winter  and 
early  spring  iiiarltets.  Of  those  wbii-h  nre  exported,  artichokes,  pota- 
toes, l>eans,  and  peas  are  ttie  niost  inijKii'tant.  The  consumption  of 
melons  and  watermelons  in  Algeria  is  very  large  during  the  summer. 

The  principal  field  crops  of  the  colony  ure  cereals.  Wheat  and  Iwr- 
ley  o(H-upy  about  7,(Klo,otlu  acres  annually  and  supply  a  large  cxiMtrt 
trade,  Indian  corn  and  sorghum  are  extensively  grown  liy  the 
natives.  Cotton  and  sugar  cane,  crops  to  which  Kgypt  owes  so  much 
of  her  wealth,  arc  of  small  importjince  in  Algeria.  The  only  valuable 
"industrial"  crops  are  tobacco  and  certain  plants  used  in  the  manu- 
facture of  perfumery.  The  cork  oak  nnd  the  gi'ass  known  as  aifa, 
which  contribute  largely  to  tlie  prospt^rity  of  the  colony,  are  never 
artificially  planted  and  hence  ure  not,  strictly  .speaking,  agricultum] 
pi-oducts. 

The  acreage  in  foi-age  crops  is  limited,  jMirticularly  in  summer,  Ity 
the  scanty  water  supply.  Alfalfa  is  gi-own  generally  in  small  jiatches. 
although  on  the  larg^'r  estates  gciod-sized  tieldsare  sometimes  put  into 
this  ci'op.  Sulln  ha.s  t)een  frequently  reconmiended  bnt  has  itot  come 
into  gcnenil  use.  The  ix>ds  of  tiie  carob  tree,  or  St.  John's  bread,  are 
used  for  feeding  stock.  They  ai-c  consumed  in  considemlile  <|uantitie.s 
in  the  colony  nnd  are  also  exported.  Sorghum  is  also  grown  exten- 
sively and  affords  u  valuable  supply  of  summer  forage.  In  the 
autumn,  in  some  localities,  vetches  are  sown  with  oats  or  barley  and 
are  harvested  in  the  spring.  This  mixture,  either  green  or  cured,  is 
an  excellent  food  for  cattle.  Oats  are  grown  for  ex|>ort  only,  Iwrley 
being  the  gi"ain  commonly  fed  to  horses, 

Tlie  greater  number  of  the  cattle  and  sheep  of  Algeria  are  raised 
upon  the  wild  forage  which  covers  the  uncleared  poi'tion  of  the  hills 
and  plains  or  .springs  up  in  the  cultivated  field.s  after  the  ci'op  of  grain 
has  been  taken  oH'.  The  supply  of  green  pasturage  is  abundant  dur- 
ing the  winter  and  .spring,  but  the  hot,  dry  summer  schhi  burns  it  dry. 
As  cultivated  forage  is  scarce  in  sunuiier  animul.s  often  liave  great 
ditHeulty  in  obtaining  feed  at  that  .season. 

QEOOBAPHICAL  DISTRIBUTION. 

COAST  BXOIOH. 

The  great  divei'sity  which  the  coast  region  exhiliits  in  respeti.  to 
climate,  topography,  and  soils  is  panilleled  by  the  gi-eat  diversity  of 
its  agricultumt  conditions.  A  far  gi-cuter  variety  of  ci-o|)s  is  grown 
there  than  in  either  of  the  other  regions.  The  thi-ee  zones — littonil, 
valley  and  plain,  and  mountain — are  distinguished  one  from  another 
by  agricultural  as  well  as  by  topogniphiail  and  climatic  peculiarit ie.s, 
so  that  it  will  be  a(lvi.sa))le  to  give  n  skoli-h  of  each  in  turn,  lioiighlv 
speaking,  the  first  is  a  zone  of  orchards  and  market  giii-dens,  the  second 
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of  grain  fields  nnd  vineyards,  and  thtj  thii-d  of  tree  crops  at  lower  ele- 
vations, giving  place  to  pasturage  on  the  higher  slopes  and  crests  of 
the  nioiintaiiis.  But  this  genemlization  must  not  be  carried  too  far. 
The  tines  that  separate  the  three  zones  are  vague  at  best,  and  the  indus- 
tries e.specially  characteristic  of  each  are  shared  to  some  extent  by  alt. 

LITTOKAL   ZONE. 

Along  the  shore  of  the  Mediterranean  is  pnicticcd  the  most  intensive 
agriciiltiire  of  the  colony,  if  we  except  the  oase.'s  of  the  eastern  Sahara. 
The  alluvial  .'ioils  of  the  valleys,  which  usually  expand  into  rtniall  deltas 
as  they  approach  the  sea,  are  largely  occupied,  especially  in  the  neigh- 
iKirhoud  of  the  principal  cities,  by  highly  cultivated  market  gardens. 

The  lower  slopes  of  the  hitis  and  mountains  that  border  the  sea  are 
occupied  bj'  orchards  and  vineyards.  At  slight  elevations  we  find  a 
great  variety  of  fruits,  every  sort,  in  fact,  that  is  commonly  grown  in 
warm  temperate  countries.  In  addition'  to  the  great  vineyards  of  wine 
grapes,  excellent  table  grapes  are  grown  for  European  as  welt  as  for 
Algerian  markets.  Oranges  of  several  kinds  are  produced  in  consid- 
erable quantity.  Lemons,  apricots,  nectarines,  and  almonds  thrive. 
The  Japanese  pei'sinmion,  the  loquat,  the  pecan,  and  other  tree  crops 
not  yet  widely  cultivated  in  that  part  of  the  world,  promise  to  Itecome 
a  source  of  wealth.  A  few  peculiarly  favored  situations,  well  sheltered 
f I'om  cold  winds  in  winter  and  from  the  sirocco  in  summer,  are  adapted 
to  fruits  of  a  distinctlj'  tropical  character,  such  as  banana.-;,  guava^,  and 
avocados.  Attempts  arc  being  made  to  produce  some  of  these  fruits 
under  glass  in  marketable  quantity. 

It  must  not  be  supposed,  however,  that  the  littoral  zone  is  devoted 
wholly  to  growing  fruits  and  garden  vegetables.  Where  sufficiently 
extensive  areas  of  alluvial  soil  occur,  cereals  are  grown,  giving  larger 
yields  than  elsewhere  I)ecause  ot  the  abundant  supply  of  water.  For 
the  same  reason  cultivated  forage  plants  do  better  in  this  zone  than 
in  the  othei's.  Alfalfa  is  the  most  important  perennial  forage  crop, 
white,  for  winter  forage,  barley,  often  sown  with  vett^hes,  is  nuich 
used.  As  is  also  the  case  to  some  extent  in  the  other  zones  of  the 
coast  region,  natural  meadows,  furnishing  green  pasturage  all  the  year 
round,  occupy  marshy  plaices.  Where  such  meadow.s  occur,  live  stock 
am  be  kept  in  good  condition  throughout  the  summer,  which  is  seldom 
possible  in  the  high  plateau  region. 

An  industry  of  secondary  importance,  yet  bringing  a  considerable 
yearly  revenue  into  the  colony,  is  that  of  growing  plants  used  in  the 
manufacture  of  pp.rfumery,  notablj'  the  i-ose  geranium. 

VAI-LfrlY    AND    PLAIN    ZONK. 

The  large  valleys  of  the  coast  region,  especially  in  the  western  part 
of  the  colony,  of  which  the  Cheliff  may  be  taken  an  a  type,  are  given 
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up  in  great  part  to  grain  production.  Of  the  I'i, 5(10,000  acres  in 
Algeria  which  bear  a  cereal  cTOp  every  one  or  two  yeara,  by  far  the 
large-st  part  is  situated  in  this  zone.  Wheat,  Imrley,  and  oati<  are 
grown,  the  last  in  much  smaller  quantity  than  the  others  and  solely 
for  export.  The  bulk  of  the  wheat  i«  of  the  hard  or  durum  type, 
although  soft  wheats  are  also  produced. 

Where  water  for  irrigation  is  to  Ims  had  in  summer — and  this  is  the 
case  in  only  a  small  fraction  of  the  whole  area — alfalfa,  .sorghum,  and 
other  forage  plants,  as  well  as  tobacco,  melons,  etc.,  are  grown.  (Jot- 
ton  wa«  extensively  planted  in  some  of  the  valleys  of  western  Algeria 
during  the  civil  war  in  the  United  States,  and  proved  very  I'emunera- 
tive  for  a  while.  Under  present  market  conditions,  however,  it  can 
not  be  grown  with  profit  in  the  colony. 

The  wild  forage  that  springs  up  on  the  extensive  areas  of  grain  land 
lying  fallow  every  year  is  an  important  resou  rce  to  the  farmer,  enabling 
him  to  keep  bis  cattle  in  good  condition  during  the  winter.  In  sum- 
mer, however,  uulesis  a  forage  crop  is  grown  under  irrigation,  the 
conditions  for  animals  in  this  zone  are  unfavorable. 

MOUNTAIN    ZONE. 

The  only  extensive  district  of  high  mountains  in  Algeria  where 
agriculture  is  highly  developed  is  Kahylia.  In  discussing  the  agricul- 
ture of  the  "mountain  zone"  we  are  therefore,  as  a  matter  of  fact, 
describing  that  district. 

The  lower  elevations  and  the  valleys  of  the  larger  streams  present 
conditions  not  unlike  those  of  the  littoral  zone.  Kven  oranges  can  be 
grown  in  sheltered  situations  at  low  altitudes.  On  the  higher  slopes 
and  the  crests  of  the  ridges,  however,  this  is  impossible.  The  nature 
of  the  surface  i.-*  not  adapted  to  large  vineyards  and  grain  fields;  hence, 
i^ricnlture  becomes  redured  to  horticulture.  Orchards  of  figs  and 
olives  cover  the  middle  elevations,  often, on  the  steepest  hillsides. 
Olive  oil  is  produced  in  lai^e  quantities  in  the  eastern  part  of  this 
mountain  region.  It  is  extensively  used  by  the  inhabitants  and  is 
also  an  imi»ortant  article  of  ex|>ort  from  Bougie,  the  principal  seaport 
of  the  district.  Other  agricultural  products  of  the  mountain  region 
which  contribute  to  the  export  tnide  of  the  colony  are  dried  tigs,  the 
pods  of  the  carob,  or  St.  John's  bread,  and  capers.  The  last  are  not 
cultivated,  but  arc  gathered  by  women  and  children  from  the  wild 
plants,  the  young  flower  bads  Iw-ing  the  part  used  in  commerce.  About 
45(),0(U)  pounds  of  capers  were  exported  in  1KH9.  The  mountaineers 
i-aise  in  small  gardens  such  cereals,  vegetables,  and  forage  plants  as 
they  re«|uire  for  their  own  use.  These  gardens  are  generally  sitiiatwl 
at  the  bottoms  of  valleys  and  ravines,  where  some  alluvial  soil  has 
collected. 
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The  higheist  elevations  of  the  niountain  zone  are  not  Muitable  for  any 
sort  of  agriculture,  but  are  largely  covered  with  grass,  which  affords 
abu:idant  pustiirage  t<rllocks  of  sheep  and  goats. 

HIOH  PLATEAU  SEQIOH. 

In  the  typical  .steppe  region  of  central  Algeria  agriculture  is  limited 
to  occasional  low  places  where,  by  means  of  the  natural  moisture  of 
the  ground  or  by  irrigation  with  the  water  of  a  well,  a  crop  of  barley 
can  bi)  nuido  in  winter.  If  conditions  are  exceptionally  favorable,  a 
small  garden  can  sometimes  be  established.  At  siu-h  points  as  St^tif 
and  Batna,  in  the  ea.steni  part  of  the  colony,  there  are  extensive  areas 
in  winter  cereals,  where  crops  are  produced  without  Irrigation.  But, 
us  we  have  already  .seen,  these  places  are  not  to  be  regarded  as  typical 
of  the  high  plateau  region.  Agriculturally,  they  belong  i-ather  to  the 
valley  and  plain  zone  of  the  coast  region. 

The  two  great  industries  of  the  high  plateau  region  are  grazing  and 
the  collection  of  alFa.  Va-st  numbers  of  sheep  AnA  goats,  as  well  as 
horses  and  camels,  are  pastured,  especially  in  summer,  on  these  ele- 
vated gra.s.sy  plains.  It  is  estimated  that  from  6  to  10  million  head  of 
sheep  and  3,5tK),<>(H)  goats  range  the  high  plateau.  These  animals 
are  almost  without  exception  the  property  of  Arabs.  Many  of  them 
are  wintered  in  the  Sahai'a,  and  in  spring  arc  driven  by  their  owners 
up  to  the  high  plateau,  where  pasturage  is  more  abundant  and  the 
heat  le-ss  intense.  The  bides,  meat,  wool,  and  other  products  of  these 
animals  are  a  very  material  source  of  wealth  to  the  colony.  Cattle  are 
not  raised  in  any  con-siderable  number. 

Alfa,  or  esparto,  covers  vast  areas  of  thi.x  region,  often  to  the  almost 
complete  exclusion  of  other  vegetation.  The  tough  leaves  of  this 
grass  form  one  of  the  most  valuable  exports  of  the  colony,  amounting 
annually  to  about  $2,lKH),000.  They  are  used  in  the  manufacture  of 
high  grades  of  paper,  luiskct  ware,  matting,  bats,  and  cordage.  The 
harvest  takes  place  in  the  spring.  Persistent  exploitation  is  resulting 
in  the  rapid  extermination  of  alfa  grass,  the  more  so  because  attempts 
to  establish  artilicial  plantations  have  so  far  been  wholl}'  unsuccessful. 

DEBEBT  EEOIOB. 

The  oases  of  the  Sahara,  and  particularly  those  of  the  depression 
known  as  the  Oued  Kirh,  in  the  eastern  part,  are  the  only  portion  of  the 
desert  that  is  of  much  agricultural  importance.  There  the  pre^ence 
of  subterranean  streams,  carrying  a  considerable  volume  of  water,  has 
made  it  posMble  to  plant  thousands  of  date  palms  in  groves  of  greater 
or  less  size. 

Within  the  last  three  decades  the  sinking  of  anuinl)erof  artesian 
wells  in  the  Oued  Kirh  region  has  much  increased  the  supply  of  water 
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for  irrigating  pui-poses.  Consequently,  it  ba^i  been  possible  to  create 
new  oasfs  and  to  extend  gi-eatly  the  area  in  date  [jaluis.  Two  Frent-h 
companie!>  have  set  out  many  thousands  of  palms  of  the  liest  vaneties, 
esptrrially  the  celebrated  Deglet  Noor,  and  have  introduced  improved 
methods  of  cultivation  and  management.  Dates  have  alnays  been  an 
impoiljuit  article  of  export  from  the  Sahara  to  other  parts  of  Africa. 
Recently  a  lai^e  export  trade  with  Kurope  has  been  developed. 

A  considerable  variety  of  fruits,  vegetables,  cereals,  and  forage 
crops  is  grown  among  the  date  palms  in  the  oa-ses.  These,  however, 
do  not  affonl  products  for  export  to  foreign  countries,  but  serve 
merely  to  supply  the  wants  of  the  local  population.  The  aiea  ai^ail- 
able  is  too  .'sinnll  to  allow  these  subordinate  cultures  to  attain  any 
considerable  magnitude,  even  cereals  and  forage  plant^s  lieing  grown  in 
gardens  rather  than  in  fields. 

Oranges  are  grown  in  the  oases  at  the  foot  of  the  mountains  that 
border  thedeseit,  butdonot  succeed  farther  south  because  of  the  occa- 
sionally severe  winter  frosts.  Olives  for  oil  and  the  large  sorts  used 
for  pickling,  ahnonds,  several  kinds  of  figs  and  grapes,  pomegranates, 
apricots,  and  other  fruits  are  produced.  The  apricots  grown  are  of  » 
native  type  and  arc  leniarkablc  for  the  large  size  the  trees  sometimes 
attain.  The  different  kinds  of  fruit  trees  ai-e  not  set  out  in  separate 
oichai"ds,  but  are  mingled  together.  The  same  system,  or  lack  of 
system,  is  observed  in  the  way  garden  vegetables  are  gi"own.  Of  these 
the  more  common  are  onions,  broad  beans,  carrots,  cabbage,  tomatoes, 
okra,  eggplant,  pumpkins,  cucumbers,  melons,  and  pcppei's.  Alfalfa 
is  grown  in  smull,  airefully  tended  patches,  and  is  cut  many  times 
during  the  year.  The  cereals  chiefly  grown  are  wheat  and  barley  in 
winter,  and  sorghum  and  Indian  corn  in  summer.  On  the  northern 
edge  of  the  Sahara,  where  the  slope  is  considenible  and  wcasional 
heavy  rains  in  winter  cause  a  sheet  of  flood  water  to  sweep  down  over 
the  land,  this  is  taken  advantage  of  in  producing  crops  of  grain  in  the 
open  desert  ^^ordering  the  oases.  Ridges  of  mud  arc  thrown  up  at 
intervals,  and  are  arranged  so  as  to  catch  and  retain  for  a  while  the 
tlood  water, 

PRINCIPAL  CROJPB  IN  DETAIL. 
FROIT    CROPS. 


Wine  grapin. — Grapes  have  long  i)cen  an  important  product  of 
Algeria,  for  even  Iieforc  the  French  occupation  about  Hfty  varieties 
wore  known  to  the  natives.  In  Kabylia  jmrticularly,  wcll-detiiied  local 
varieties  had  Iroen  developed.  l:>onie  of  the.se  arc  grown  only  in  thai 
country,  apimrcntly,  while  others  occur  under  ditTereut  names  in  other 
Ijarts  of   the   Mediterranean   region.      Until   within   the   last  three 
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decades,  grapes  were  grown  chiefly  for  oatiiig  purposes,  as  the  Mohain- 
niedaii  law  forhidi:!  the  use  of  wine.  Since  then,  however,  the  planting 
of  vineyards  has  niudc  rapid  progress  among  the  coloniritK,  and  in  1900 
nearly  350, (MX)  acres,  al>out  one-t«nth  of  the  land  owned  by  Europeans, 
was  in  vines.  The  estimated  total  value  of  Algerian  vineyards  is 
tll4,(K)0,000,  Wine  is  now  the  moat  valuable  product  of  the  colony, 
the  export  amounting  in  1899  to  over  120,OIM),000  gallons.  Most  of 
the  skill,  energy,  and  capital  of  the  French  population  is  concentrated 
upon  this  crop.  It  has  been  computed  that  $t>,650,000  is  paid  out 
annually  in  wages  to  the  laborers  in  Algerian  vineyards. 

Fine  wines  and  de.ssert  wines  form  but  a  small  part  of  the  total  yield, 
the  Algerian  product  consisting  chiefly  of  heuvy-bodied  and,  in  the 
case  of  red  wines,  deeply  colored  wines  for  blending  purposes.  These 
arc  being  lonstantly  improved  in  quality,  and  Algerian  wine.H  are  now 
widely  and  favorably  known  in  Europe — France,  England,  and  Ger- 
many, especially,  importing  large  quantities. 

The  varieties  of  wine  grapes  chiefly  grown  by  European  colonists 
are  those  of  southern  France.  Carignane,  from  which  red  wine  is 
made,  is  at  pre-sent  the  favorite,  and  is  being  planted  more  extensively 
than  any  other  variety.  Other  highly  esteemed  varieties  that  furnish 
red  wine  are  Mourvedre,  Morastel,  Aranion,  Cinsault,  and  Ulliade 
(Oeillade).  Carignane  is  notable  for  the  rapidity  with  which  it  comes 
into  tearing  and  for  its  large  yields.  At  the  same  time  it  rei|uire8 
more  care  than  some  other  varieties,  and  is  subject  to  fungous  diseases. 
Mourvedre  and  Moi-astei,  hardier  varieties,  but  slower  in  developing 
and  somewhat  irregular  in  yield,  are  not  as  extensively  planted  as 
formerly.  Cinsault  and  Clliade  are  hardy  varieties,  and  endure  the 
trying  conditions  that  prevail  when  the  sirocco  is  blowing.  The 
former,  especially,  is  umch  grown.  The  latter  is  said  to  be  very 
irregular  in  its  yields.  The  variety  known  as  "Petit  Bouschet'*  is 
used  for  giving  a  deeper  color  to  certain  French  wines  made  from 
other  varieties. 

White  wines  are  made  from  the  Clairctte,  Ugni  Ulanc,  Seniillon,  and 
other  varieties,  while  a  native  variety  known  as  Feranah  is  highly 
esteemed  by  some  vineyardists,  AH  these,  however,  give  rather  light 
yields,  so  that  the  making  of  white  wines  from  grajies  having  a  color- 
less juice  is  now  much  pi-acticed,  the  skins  being  removed  l>efore  fer- 
mentation begins.  Cinsault,  Aramon,  and  Mourvedre  are  especially 
used  for  this  pui'pose.  Excellent  de.ssert  wines  are  occasionally  made 
from  such  varietieiJ  as  Alicante  and  Muscat. 

Vines  are  grown  in  nearly  all  jiarts  of  the  colony,  even  in  the 
extremely  mountainous  districts  and  in  the  oases  of  the  Sahara;  but 
the  most  extensive  vineyards  have  been  established  in  the  great  plains 
and  valleys  of  the  coast  region,  where  the  largest  profits  from  the 
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growinfj  of  wine  gmiws  have  been  fealtzed.  Deep  alluvia]  soils,  con- 
taining a  considerable  amount  of  clay  and  of  organic  matter,  are  found 
to  give  the  largeat  yields.  Tliese  soils  retain  enough  moisture  during 
the  summer  to  prevent  niucli  lianii  to  the  vines  from  the  siroct-o.  The 
better  tjualities  of  wine  are,  however,  commonly  produced  oti  hillside 
vineynrds,  at  altitudes  not  exceetiing  ;i,000  feet.  Some  districts  that 
are  otherwise  perfectly  adapted  to  vineyards  suffer  so  heavily  from 
hailstorms  in  spring  as  to  make  them  unprofitable  for  grape  culture. 

The  vines  are  planted  to  best  advantage  in  squares  or  in  a  quincunx, 
i.  e.,  in  squares  with  one  vine  at  each  corner  and  one  ill  the  center.  It  is 
very  important  to  aiTange  the  vines  so  that  the  vineyard  can  l>e  plowed 
in  both  directions.  It  is  considered  advisable,  under  Algerian  condi- 
tions, when  planting  in  squares,  to  set  the  vines  5,  or,  for  some  varie- 
ties, (i  feet  apart  each  way.  The  vines  are  set  out  during  the  months 
of  January,  February,  and  March.  Pruning  is  generally  done  in  the 
latter  part  of  the  winter.  The  varieties  most  commonly  grown  by 
the  coloniitb',  such  as  Carignane,  are  trimmed  back  clo!<c  to  the  r>tuiiip, 
leaving  ft  cinde  of  5  to  8  spurs.  When  tiimmed  long,  the  canes  are 
trained  on  wire  or  are  supjKirted  by  forked  sticks.  Among  the 
Kabyles,  the  vines  are  generally  allowed  to  grow  on  trees.  Close 
trimming  is  said  to  increase  the  ability  of  the  vines  to  i-esist  drought, 
which  is  an  important  matter  in  Algeria.  Grafting  is  resorted  to 
when  it  is  desired  to  replace  the  varictie.'i  in  a  vineyard  with  better 
varieties,  and  to  i-ender  it  more  pivductive,  March  and  April  being 
the  best  months  for  this  operation.  In  Algeria  vines  generally  begin 
to  bear  in  their  fourth  year,  although  a  full  crop  is  not  obtained  until 
the  sixth  or  seventh  year. 

Late  in  the  winter,  after  trinuning  is  completed  and  liefore  the  buds 
have  begun  to  start,  the  vineyards  are  plowed,  usually  to  a  depth 
of  6  inches.  This  should  be  done  when  the  soil  is  fairly  dry.  Occa- 
sionally tlie  plow  is  followed  by  n  subgoiler.  Vines  send  their  root-* 
deep  into  the  soil  in  Algeria,  so  that  there  is  little  danger  of  injuring 
them  by  this  treatment.  A  hoe  or  pick  is  used  to  loosen  the  soil 
around  the  roots  of  the  vines.  In  some  vineyards,  in  oi-der  to  cover 
the  roots,  a  cross  plowing  is  then  given  which,  like  all  subsequent 
plowings,  is  shallower  than  the  first.  During  the  summer  the  vine- 
yard is  given  as  many  cultivations  with  the  hoe  or  the  scarifier  as  are 
necessary  to  rid  it  of  weeds  and  to  preserve  a  loose  mulch  on  the  sur- 
face of  the  soil  that  will  keep  down  evaporation.  Bei-muda  gi-ass  is 
often  a  serious  pe.st  in  Algerian  vineyards. 

Although  in  vinej'ards  caivful  cultivation  will  partly  take  the  place 
of  irrigation,  the  yield  can  almost  always  be  increased  by  the  judicious 
application  of  water.  Irrigation  in  winter,  -so  as  to  store  up  water 
in  the  soil,  is  recommended  for  such  regions  as  the  Obeliff  Valley, 
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where  the  rainfall  U  small.  The  first  irrigation  in  summer  generally 
takes  place  when  the  grapes  l>egiri  to  color,  and  the  second  about  two 
weeks  before  the  vintage.  About  2  acre-inches  of  water  is  used  in 
flood  irrigation,  hut  only  alx)ut  li  acre-inches  in  furrow  irriga- 
tion. It  is  desirable  to  follow  each  irrigation  hj  a  cultivation,  in 
order  to  keep  down  weeds  and  prevent  the  surface  of  the  soil  from 
liaking. 

Nitrogenous  fertilizers  are  needed  in  maintaining  the  wood  growth 
of  Algerian  vineyai-ds,  and  phosphoric  acid  is  also  often  required  to 
promote  productiveness.  Farm  manure  is  much  usetl  and  is  applied 
at  the  rate  of  12  to  18  tons  i>er  acre. 

When  wine  making  Hrst  began  in  the  colony  gi-eat  difficulty  was 
experienced  in  completing  fermentation,  and  the  quality  of  the  wine 
■was  much  impaired  by  the  presence  of  unfermented  sugar.  This 
was  due  to  the  high  sugar  content  of  the  Algerian  grapes  and  to 
the  high  tempwratures  prevailing  during  fermentation.  These  diffi- 
culties have  been  largely  overcome,  however,  by  observing  certain 
precautions.  If  the  weather  during  the  vinfaige  is  very  hot,  thegi-apes 
are  gathered  and  put  into  the  vats  in  the  early  morning  while  they 
are  cool,  and  the  temperature  of  the  vats  is  kept  down  by  causing 
cool  wnler  to  circulate  on  the  outside  of  them. 

The  fungous  diseases,  such  as  anthracnose,  oTdium,  and  mildew,  which 
attack  vines  in  Algeria,  have  been  more  or  less  successfully  kept  in 
check  by  spraying.  Not  so,  however,  with  phylloxera,  which  has 
wrought  terrible  havoc  in  the  vineyards  of  Oran  and  Constantine 
departments  since  its  liist  appearance  in  the  colony  in  1883.  A  very 
rigid  inspection  law  has  failed  to  put  a  complete  stop  to  its  ravages. 
The  practice  of  flooding  infected  vineyards,  which  has  given  such 
happy  results  in  southern  France,  can  not  be  generally  uloptcd  in 
Algeria  l>ecause  of  the  scarcity  of  irrigating  water.  So  l^r  the  vine- 
yards of  the  central  department,  that  of  Algiei-s,  have  escaped  damage 
from  this  destructive  insect. 

In  the  vineyaids  of  western  Algeria  considerable  losses  have  been 
sustained  through  the  rise  of  salts  in  the  soil.  The  effect  of  salt  in 
the  soil  upon  Algerian  vineyards  has  been  discussed  by  Dugast  (see 
p.  44  of  this  report),  who  calls  attention  to  the  existence  of  occasional 
more  resistant  plants.  In  some  districts  the  vines  have  been  killed, 
while  in  less  extreme  cases  the  quality  of  the  wine  has  been  much 
impaired  by  taking  up  more  or  less  of  the  salt  contained  in  the  soil. 
A  French  law  forbids  the  sale  of  wine  containing  more  than  one  part 
per  thousand  of  sodium  chlorid,  but  in  some  of  the  wine  produced  in 
Oran  Department  f  hi-  i>orcentage  has  been  exceeded.  It  is  considered 
safe  to  plant  vines  in  any  soil  that  is  not  too  salty  to  permit  a  good 
growth  of  figs,  pomegranates,  alfalfa,  or  artichokes. 
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T'ffi/e  ff^rti/f&i.—iim-cHQiit  table  grapcM  arc  grown,  sonic  of  whii-h — 
the  C'iiiHHiilt,  for  exniiiple  — lire  valiiu))le  iiUo  hh  wine  grajjo--*,  while 
others,  like  the  (ioKlen  Chassolas,  are  grown  chiefly  for  the  tal>le. 
The  latter  is  by  far  the  most  popular  variety.  It  is  an  excellent 
grape,  Ijearing  shipment  well.  Grapes  mature  early  enough  for  profit- 
able exportation  in  the  littoral  zone  of  the  eoa.st  i-egion  only.  Ne«r 
Algiers  tlie  Chasselos  riix'n.i  in  the  first  part  of  July  and  reaches  the 
French  markets  in  advance  of  home-grown  grapes.  Vines  of  tlii^ 
variety  generally  begin  to  yield  freely  in  their  fifth  year.  liee*l» 
are  uuually  planted  an  a  wind-hreak,  the  same  as  in  market  gardens. 
An  aven^je  crop  from  an  acre  is  3  tons  of  fruit.  The  first  Algerian 
■grapes  that  i-eacli  the  Paris  markets  are  said  to  bring  a;^  much  its  $2fJ 
per  100  pounds. 

Table  grapes  grown  elsewhere  than  along  the  coast  ri|)en  too  late  f<ir 
export,  l)nt  often  tind  a  good  sale  in  local  markets.  The  varieties 
peculiar  to  the  colony  are  generally  of  inferior  iiualit}',  although  some 
of  tliem  are  not  without  value.  Those  grown  in  Kaljylia  are  nearly 
all  pruned  to  long  canes,  and  often  ascend  to  the  tops  of  tall  trees. 
It  is  difficult  to  gather  the  grapes  from  such  vines  or  to  spray  them 
when  infected  with  fungous  diseases. 

Kaisins  are  dried  in  small  quantities  by  the  Kahyles.  Otherwi.se 
this  industry  has  not  devchiped  in  Algeria,  although  the  climatic  con- 
ditions would  seem  to  be  peculiarly  favoralfle  to  raisin  making. 


From  the  earli&st  times  of  which  we  have  rectird  the  olive  has  Im-ou 
one  of  the  most  important  produetn  of  northern  Africa.  The  same 
varieties  yield  a  higher  i>prcentage  of  oil  in  Algeria  and  Tunis  than  in 
southern  Eurape.  The  oil  content  varies  greatly  in  ditferent  parts 
of  the  colony,  hut  a-s  high  tus  34  per  cent  has  been  obtained  from  olive.f 
grown  m  the  oases  of  the  Sahara.  African  oils  have  a  higher  mar- 
garin  conttmt  and  are  more  easily  fixed  at  a  temperature  of  40-  K. 
than  oil  made  from  Eurojjean  olives.  The  annual  production  of  oil 
in  Algeria  is  estimated  at  13,aiHi,0lM»  gallons,  the  bulk  of  which  is  eon- 
sumod  in  the  colony.  The  export  ti-ado  is  as  yet  comparatively  insig- 
nificant, amounting  annually  to  only  alwut  lg2(HI.(MM).  In  fact,  Algeria 
does  not  produce  enough  for  home  consumption,  imp>rting  annually 
from  2..5IMI,(X)0  to  3,(MM|,(HHJ  gallons  of  edible  oils.  The  nunilier  of 
grafted  olive  trees  in  the  colony  is  e^^timated  at  4,.50<i,(HM).  the  greater 
part  of  them  Iwing  in  Kahyiia.  Tunis,  the  olive-growing  country  par 
excellence  of  northern  Africa,  is  said  to  contain  some  15,0(H(,<KM( 
grafted  tn'es,  covering  about  .5(Hl,0(HI  acres.  The  olive  is  thorougblv 
at  home  in  Algeria,  especially  in  the  Kabyle  mountain  district,  when- 
several  local  varieties  exist,  some  of  which  are  of  considerable  value. 
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Lik(!  some  of  the  vinivs,  woiiie  of  tho  olive  varieticf*  are  found  only  in 
the  (Hilony,  while  otlii*i"».  whii^h  Imve  iweivod  lot'iii  imme.s  in  Al^riti, 
arc  widely  dlstrilmtwl  in  Meditermiican  count ncs. 

The  olivo  grows  wild  in  iilmost  every  j»rt  of  Aljforia,  here  and 
there  forming  actual  fore«tx,  wiiie  of  which  were  formerly  of  much 
gi-eater  exUmt  than  they  are  to-diiy.  The  fniitw  of  these  wild  trees 
ui-ewoithlet^,  hut  the  wtocksai-e  much  uwd for  grafting  with  improved 
varieties.  In  Elahylia  especially,  the  area  in  olive  orchards  is  l)eing 
nipidly  extended  hy  grafting  wild  trees. 

The  olive  flourishes  in  a  great  variety  of  soils  and  is  less  sensitive 
than  citrus  fniits  to  cold  and  drought.  Yet  it  has  limitations,  which 
must  Ije  considered  when  a  new  orchard  is  to  be  established.  Well- 
drained  soils,  having  a  considurahle  slope,  give  the  U'st  results.  The 
maximum  oil  pn»duction  is  said  to  be  obtained  from  soils  rich  in  lime. 
Sunny  sitiiatiims  are  to  Ikj  preferred,  although  in  districts  subject  to 
fi-osts  in  spring  it  is  desirable  that  the  trees  should  not  lie  in  a  position 
where  the  first  rays  of  the  sun  can  strike  them  in  the  morning.  A 
paying  cTOp  can  not  Ire  expet^ted  in  district")  where  temperatures  iia 
low  as  "25 '  F.  or  exceeding  105"^  F.  are  frequent. 

In  i-esppct  to  elevation,  olives  will  not  thrive  in  Algeria  at  an  alti- 
tude of  nmch  more  than  3,(MK}  feet,  and  appear  to  do  best  between 
l,0(Jil  and  '2,fH)0  feet  al)ove  sea  level.  In  the  immediate  neighliorhood 
of  tlie  sea  the  oichards  suffer  most  from  the  ravages  of  certain  insect 
enemies  and  of  a  bacterial  disease.  Olive  orchards  are  particularly 
profitable  in  dLstricts  like  the  Ch^liff  Valley,  where  they  can  Ikj  irri- 
gat«?d  three  or  four  times  during  the  wint<?r.  If  irrigation  in  summer 
is  also  possible,  the  yield  can  often  be  doubled.  At  each  wat^-ring, 
from  1.5  to  2  acrc-fevt  is  applied. 

Where  an  orcliard  i-*  to  he  started  with  young  trees,  these  ai-e  set 
out  in  most  parts  of  Algeria  to  l)est  advantage  at  intervals  of  3tl  feet, 
in  rows  50  feet  apart.  Sometimes  Uie  quincunx  plan  is  adopted.  On 
irrigated  land,  about  -iO  trees  to  the  acre  is  the  proper  num)>er. 
Planting  is  done  during  the  winter,  preferably  in  IX>ceml)er  or  January. 
After  six  or  eight  years  an  orchard  started  with  trees  5  feet  high  and 
2  or  3  inches  in  diameter  will  generally  jmy  ex(>enses.  and  in  fifteen 
years  it  will  be  in  full  bearing. 

Other  cultures  are  not  permitted  in  the  oi-chard,  unless  the  water 
supply  is  ample  and  the  soil  is  either  naturally  very  fertile  or  is  well 
manured.  Cereals  are  often  grown  among  the  trees,  but  this  tends  to 
diminish  the  yield  of  fruit,  and  is  generally  discontinued  after  the 
treeg  begin  to  bear.  On  the  other  hand,  where  water  is  plentiful,  the 
growing  of  broad  Iwans  and  similar  leguminous  crops  in  olive  orchards 
is  a  good  practice, 
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Fertilizers,  applied  in  alternate  years  when  the  trees  are  not  bear- 
ing, largely  inci'ease  the  yields.  A  good  tree,  if  furnifilied  alx>ut  5(M» 
poundij  of  farm  manure  every  other  year,  will  yield  550  to  650  pounds 
of  fruit  every  two  years.  The  average  yield  from  a  tree  '20  years  old 
appears  to  be  about  175  pounds,  from  12  to  15  per  cent  of  the  weight 
being  oil.  The  best  method  of  keeping  the  soil  of  an  olive  orchard  in 
first -claw  condition  is  to  give  it  a  good  plowing  as  soon  as  the  harvest 
is  over.  During  the  summer  two  or  three  eultivations  are  given,  in 
oi-der  to  keep  the  surface  well  mulched  and  thus  reduce  evaporation. 
The  harvest  hegins  in  October,  green  olives,  for  pickling,  being  the 
first  that  are  gathered. 

By  far  the  greater  part  of  the  oil  crop  of  the  colony  is  obtained 
from  fruit  grown  by  the  natives,  who  themselves  manufacture  two- 
thirds  of  the  oil  produced  and  also  supply  with  fruit  the  oil  miliis  that 
are  operated  by  Europeans.  Europom  colonist"  have  not,  so  far, 
devoted  as  much  attention  to  olive  growing  as  the  importance  of  the 
crop  would  warrant.  In  western  Algeria,  however,  in  district'? 
infected  with  phylloxcm,  olives  are  often  planted  in  vineyards,  so  as 
to  take  the  place  of  the  vines  in  case  the  latter  should  be  dastroyed. 

Olive  gixjwing  is  the  principal  industry  of  Kabylia.  Very  little 
care  is  there  given  to  the  cultivation  of  orchards,  this  being  generally 
limited  to  a  single  plowing  in  spring.  The  furrows  are  run  horizon- 
tally along  the  hillside,  so  that  as  much  rain  water  as  possible  can  be 
retained  in  the  soil.  The  trees  are  pruned  with  a  hatchet  while  the 
fruit  is  being  gathered.  The  whole  family — men,  women,  and  chil- 
dren— take  part  in  the  harvest,  which  is  a  sort  of  fe.stival,  like  tbfe 
vintage  in  European  countries.  Hired  pickers  are  paid  with  a  certain 
proportion  of  the  fruit  they  gather.  A  woman  can  earn,  during  the 
two  monthi^  of  the  picking  season,  olives  enough  to  yield  about  15  gal- 
lons of  oil,  worth  perhaps  $l>. 

Europeans  who  manufacture  olive  oil  purchase  the  fresh  fruit  from 
native  growers,  paying  from  40  cents  to  $1  per  100  pounds.  The 
fruit  is  brought  to  the  mills  in  baskets  made  of  reeds  or  of  olive 
twigs.  In  ever)'  Kabyte  village  there  is  a  small  oil  mill,  the  miller 
being  paid  for  his  work  with  the  product  of  the  second  pressing.  The 
strong  flavor  of  the  oil  made  by  the  natives,  which  ia  very  unpalatable 
to  Europeans,  is  due  to  the  fact  that  the  fruit  is  not  pressed  while 
fresh,  but  is  spread  out  for  several  months  after  gathering  on  a  surface 
of  hai-dencd  clay,  where  it  is  exposed  to  the  aun  and  weather.  The 
Kabyles  use  oil  almost  wholly  in  place  of  butter  and  lard,  frying  food 
in  it  and  eating  it  on  bread  and  "  couscous." 

Olives  for  pickling  are  grown  in  Algeria  only  in  a  small  waj',  gen- 
erally m  the  gardens  of  natives. 
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The  tig  rank«  next  to  the  olive  in  imirortance  among  the  <ipchaid 
crops  of  Algeria.  Like  the  olive,  it  in  moist  extenaively  grown  in  the 
mountain  zone  of  the  coast  region,  although  common  in  every  part  of 
the  colony.  In  Kabylia  no  lesa  than  two  doiten  varieties,  some  of 
them  of  excellent  quality,  are  known.  Figs,  both  fiT-sh  and  drie^l, 
form  a  large  part  of  the  food  of  the  KabylcM,  who  also  export  to 
Europe  a  (H)nsiderable  (juantity  of  the  dried  producL  The  tinest 
varieties  for  drying,  Huch  att  are  grown  near  Smyrna,  arc  not,  however, 
grown  in  Algeria,  except  in  an  experimental  way.  Figs  are  culiivatiHl 
in  the  shade  of  date  palm»  in  the  oaseis  of  the  Sahani;  but  neither  in 
yield  nor  in  quality  do  the  denert-grown  tigs  compare  with  those  of 
the  mountains.  Fig  trees  do  notendure  well  the  severe  climate  of  the 
high  plateau. 

In  the  lander  valleys  of  the  coaMt  region  Jicavy  yields  can  l>e  obtained 
under  irrigation.  Some  varieties  grown  in  Algeria  bear  two  crops  a 
year;  others,  only  one.  In  establishing  a  fig  orchard,  either  nursery 
stock,  budded  from  3-year-old  wood,  or  root  shoots  from  good  trees 
are  used.  Budding  is  generally  dune  in  February  or  March.  Growth 
is  rapid,  amounting  often  to  5  feet  during  the  tirst  summer.  The 
trees,  when  old  enough  for  the  orchard,  are  set  out  in  winter,  generally 
about  30  feet  apart.  The  only  pruning  done  consists  in  removing  the 
dead  wood  and  the  sboote  at  the  base  of  the  trunk.  The  orchard  is 
occasionally  given  a  shallow  plowing  or  cultivation.  In  most  Algerian 
soils  it  is  found  that  fertilizers  containing  phosphoric  acid  and  potash, 
if  applied  in  late  winter,  materially  increase  the  yield  of  fig  orchards. 

In  Kabylia,  where  the  aci-eage  in  tigs  is  constantly  being  increased, 
this  tree  bears  well  up  to  an  altitude  of  4,t)00  feet.  More  care  is  given 
by  the  Kabyles  to  fig  than  to  olive  orchards.  The  trees  are  sometimes 
reproduced  by  cuttings,  but  preferably  by  root  shoots.  Pruning  is 
done  during  the  winter.  In  January  or  February  the  tirst  plowing  is 
given,  and  is  followed  by  several  others  during  the  spring.  Sevei"al 
varieties  grown  in  that  district  require  to  be  caprificd.  In  other  words, 
in  order  to  set  fruit,  their  flowers  must  i-eeeive  pollen  from  those  of 
the  wild  tig,  and  this  is  carried  to  them  by  a  small  insect  (Dlastuphaga) 
which  lays  its  eggs  in  the  young  flower  clustera  of  the  wild  fig,  or 
caprifig.  The  tirst  capriticatiun  usually  takes  place  in  June,  and  the 
operation  is  sometimes  repeated  three  or  four  times  during  the  suni- 
,  mer.  The  method  of  the  Kabyles  is  to  thread  together  a  few  of  the 
"male"  Hgs  or  caprifigs  and  hang  the  chnplets  thus  made  over  the 
branches  of  the  trees,  the  tlowers  of  which  are  to  be  pollinated.  Oapri- 
6gs  sometimes  sell  for  6  centa  a  dozen  among  the  natives.  In  tig 
orchards  managed  by  EuTOpeans  the  expense  of  caprification  is  esti- 
mated at  about  $5  per  hundred  trees. 
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Ill  the  mountains  tlie  harvest  of  figa  for  drj'iiig,  although  at  ita 
height  it)  Septenilicf,  covei-a  a  period  of  about  three  months,  an  the 
fruit  does  not  all  rii>en  at  once.  As  fast  as  the  fruit  matures  it  is 
gathei-ed  and  placed  in  shallow  trays.  These  are  spread  out  on  the 
jfi-ound  when  the  sun  is  shining,  hut  are  piled  together  in  the  evening 
and  plm'ed  under  shelter  when  it  rains.  The  f  mit  is  turned  over  from 
time  to  time  until  it  is  diy.  Figs  that  are  kept  for  home  use  or  for 
ahipnient  to  other  parts  of  the  colony  are  split  down  the  middle  and 
pressed  in  a  mortar  into  a  compa*'t  mass.  Those  intended  for  export 
are  packed  at  tlie  seaports  into  crates  lioldiii{r  70  or  80  pounds,  made 
of  leafstalks  of  the  dwarf  palm. 

CITHL'S  PKtTITS. 

Only  a  comparatively  small  portion  of  the  total  area  of  Algeria  w 
suitulile  for  citrus  fruitit.  Even  onmges  can  \m  grown  successfully 
only  in  the  coast  region,  up  to  an  elevation  of  1,700  feet  or  there- 
aboutt>,  and  in  the  northern  oase.«  of  the  eastern  part  of  the  Sahara, 
notably  at  Biskra.  In  the  oases,  however,  they  are  not  very  satisfac- 
tory in  yield  or  quality.  The  best  orange-growing  district  is  that 
around  Blida,  in  the  Mitidja  Valley  at  the  Imsc  of  the  Atlas  Range. 
Here  has  been  developed  an  excellent  type  of  earl}' -ripening,  sweet 
orange,  known  as  the  "Blida,"  the  harvesting  of  which  l>egins  in 
October.  The  Malta  blood  orange  thrives  both  in  the  coast  region 
and  in  the  oases.  31*07.11,  Portugal,  Jaffa,  and  other  races  are  also 
grown  in  the  colony.  The  natives  grow  oranges  mostly  from  seeds, 
so  that  the  quality  of  the  fruit  they  produce  iw  gcnei-ally  very  infe- 
rior; yet  some  of  the  native  varieties,  noUibly  in  Kabylia  and  in  the 
mountain  mvines  near  Blida,  are  said  to  possess  considerable  merit. 

The  expense  of  starting  an  orange  grove  in  Algeria  is  sometimes 
lessened  by  growing  truck  cro|>s  in  the  young  orchard  for  the  tirst 
six  years.  This  practice,  however,  is  not  recommended  by  the  best 
authorities.  A  row  of  cypress  trees  is  commonly  planted  as  a  wiml- 
break  around  orange  groves.  The  average  profit  from  an  acre  of 
oranges  is  said  to  be  only  about  $i5  annually.  The  l)itter  orange 
(bigarade)  is  very  hardy  in  the  ^^olouy  and  is  much  used  as  a  stock  upon 
which  to  graft  less  resistant  varieties.  From  its  flowers  perfiinierj 
is  manufactui'cd. 

Mandarins,  which  are  extensively  planted  in  Algeria,  generally  pay 
l)etter  than  oixlinary  oranges.  One  authority  estimates  that  an  acre  of 
these  finits  gives  an  average  net  profit  of  iffiO  to  $90.  The  harvest  of 
mandarins  at  Blida  begins  in  Novenitier.  Lemons  are  less  extensively 
planted,  although  they  are  quite  hardy  and  yield  well  in  the  littoral 
zone. 

For  the  irrigation  of  citrus  fruits  in  the  manner  usually  practiced  in 
Algeria — by  means  of  shallow  basins  around  the  base  of  each  tree — 
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from  1.5  to  -2  lu-re-inches  of  water  in  used  at  an  application.  If  the 
tjoil  Ui  very  permeable,  as  i.s  the  case  in  the  Blida  region,  the  orchard 
must  he  watered  every  week.  Otherwise,  an  irrigation  every  two 
weeks  sutfices.  A8  to  cultivation,  a  plowing  in  March  to  a  depth  of 
1  foot,  a  second  plowing  in  May,  and  a  cultivation  in  August  are  rec- 
ommended. 


Except  in  a  -single  locality,  where  peculiar  conditions  exist,  the  date 
palm  does  not  ripen  its  fmit  freely  in  the  coa.st  region.  Nor  is  the 
high  platcAu,  with  its  cold  winters,  adapted  to  this  tree.  The  true 
home  of  the  palm  in  the  desert  region,  particularh-  the  low,  eastern 
part.  (See  Pis.  I  and  III.)  In  the  oa-ses  of  the  Oued  Rirh  district  the 
finest  varieties  of  dates — notably  the  celebrated  Deglet  Noor — reach 
the  acme  of  their  development. 

The  environment  in  which  the  dat«  flourishes  is  a  peculiar  one.  It 
can  not  grow  in  the  dry  desert  if  the  ground  water  is  beyond  the  reach 
of  its  roots  unless  it  is  copiously  irrigated.  To  ripen  the  fruit  of  the 
best  varieties,  frequent  summer  temperatures  of  10.5"  to  110"  F., 
together  with  a  very  dry  atmosphere  and  a  very  small  rainfall,  espe- 
cially in  the  autumn,  appear  to  he  necessar}'.  It  is  obvious  that  this 
combination  of  conditions  is  not  to  Iks  met  with  everywhere.  The 
area  which  possesses  the  needed  climatic  requirements  is  almost  limit- 
less, but  an  abundant  supply  of  water  fur  natural  or  artificial  irriga- 
tion i.s  of  rare  occurrence  in  the  d&scrt. 

There  are  a  great  number  of  varieties  of  the  date  palm  in  the  oa.ses  of 
Algeria — probably  at  least  150.  Tbe^se  are  usually  easily  distinguished 
by  the  character  of  the  fruit,  whether  long  or  short,  thick  or  thin, 
light  or  dark,  with  a  large  or  small  stone,  etc.  One  of  the  commonest 
types  is  Hhars,  an  early-ripening  soft,  sweet  date  not  suitable  for 
exportation,  but  very  popular  among  the  inhabitants  of  the  Sahara. 
Dates  of  this  kind  are  cither  eaten  fresh  or,  pressed  into  a  compact 
mass,  are  stored  and  carried  from  place  to  place,  usually  in  leather 
bags.  The  Deglet  Noor  is  the  date  which  is  most  extensively  grown 
for  the  Kuropean  ti-ade.  Put  up  in  small  wooden  boxes,  with  the 
dates  attached  to  the  branch  upon  which  they  grew,  this  fruit  bears 
shipment  admirably,  retaining  without  difficulty  its  shape  and  lirm 
texture.  It  i.s  one  of  the  tinest  of  bible  dates,  not  only  Ijccause  of  its 
flavor  but  for  the  reason  that  it  is  clean  and  easily  handled.  The  tine 
color  and  the  transparency  of  the  flesh  add  further  to  its  attractive- 
ness.    During  the  last  two  decades  the  two  French  companies  thstare 

"For  a  lull  discuBaion  of  this  inteivstjn^  siibje<:t  by  Mr.  W.  T.  i^wingle,  aee  the 
Yearbook  r>[  tlie  United  States  Department  of  Agriculture  for  1900,  p.  4.')3,  and 
Bulletin  No.  53  of  the  Bureau  of  Plant  Industry,  1904. 
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engaged  in  date  growing  in  the  Algerian  Sahara  have  set  out  tfaou- 
.saiHlK  of  Degtet  Noor  ti-ees.  The  natives  also  have  planted  tfaem  ia 
large  nunilHra.  Of  still  another  type  are  the  dry  dates  which  fur- 
nish a  large  part  of  the  food  of  the  population  of  the  desert  and  are 
transiiorted  by  caravans  to  every  part  of  northern  Africa.  They 
are  not  sirupy  like  the  Khars  type  nor  richly  flavored  like  the  Deglet 
Noor,  but  are  a  wholesome  food  and  can  !«  kept  for  indefinite  periods. 
The  bent  eoits  are  eaten  either  fresh  or  dry,  while  from  the  starchy 
flesh  of  inferior  kinds  flour  is  made  and  baked  into  a  sort  of  hi-ead. 
In  addition  to  dates,  the  natives  of  the  Sabam  obtain  various  other 
uweful  products  from  the  palms.  Treej*  of  inferior  value  are  made  to 
yield  "  lagmi,"  or  palm  wine,  a  sweet  juice  which  is  obtained  in  abun- 
dance by  cutting  the  bud  at  the  summit  of  the  stem.  The  wood  of  the 
palm  is  used  for  building  houses,  bridges,  and  dam»,  as  well  as  for 
fuel.  The  leaves  serve  for  thatching  roofs,  while  fi-om  their  liber 
matting,  baskets,  hats,  fans,  and  other  articles  are  manufactured. 

L>:89    IMl-ORTANT   ORCHARD   CROPS. 

A  great  variety  of  other  fruits  characteristic  of  warm  temperate  and 
subtropical  countries  are  grown  with  more  or  less  success  in  Algeria, 
but  their  importance  is  not  sufficient  to  warrant  much  more  than  hd 
enumeration. 

The  jieach  is  most  at  home  in  sheltered  ravines  of  the  mountain 
zone,  where  it  makes  a  rapid  growth  and  yields  well.  It  is  grafted 
upon  J'rinius  iiiirobulini  in  deep,  rich  soils,  and  upon  the  almond  in 
thinner,  limy  soils.  The  fruit  is  often  of  fine  appearance,  but  gener- 
ally lacks  flavor. 

The  apricot  is  also  grown  most  successfully  in  ravines  and  on  shel- 
tered slopes  at  low  elevations  in  the  mountain  zone.  In  the  oases  of 
the  northern  part  of  the  Sahara  it  Ijecomes  a  large  tree  and  yields 
heavily,  l»ut  the  fruit  is  jxior  in  size  and  quality.  Nevertheless,  driest 
api'icots  arc  much  in  demand  in  the  markets  of  the  Sahara.  The  apriiMit 
in  the  coast  region  is  sometimes  grafted  on  the  plum. 

The  almond  is  one  of  the  fruit  trees  that  is  l)est  adapted  to  the  drier 
parts  of  Algeria.  Tivo  principal  types  are  cultivated— the,  thin-shelled 
Princesse,  which  is  exixirted  in  s^me  quantity  as  an  earlj-  fruit,  and 
varieties  with  harder  shell,  which  are  generally  dried. 

The  cherry  is  most  at  home  in  the  mountain  zone,  doing  well  on  a 
variety  of  soils.  There  are  cheriy  orchards  of  considerable  value  in 
some  parts  of  Algeria. 

The  plum  thrives  in  rather  deep  soils,  especially  in  the  mountainous 
parts  of  the  colony.  The  Iteine  Claude  gives  excellent  results  under 
irrigalion  at  moderate  elevations  in  eastern  Algeria.  The  growing  of 
prunes  has  not  lieconie  an  industry  in  the  colony. 
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The  pear  grows  vigorously  in  ravines  and  on  shaded  slopes  in  the 
mountHin  zone,  especially  in  deep  loamy  and  clayey  «oils.  There  are 
a  number  of  native  varieties  of  small  value.  Improved  Kuropean 
varieties  raiely  give  satisfactory  results. 

The  apple  is  even  less  successful  in  Algeria,  save  in  a  few  excep- 
tional localities. 

Among  fruits  charatrteristic  of  warmer  parts  of  the  world,  the 
pomegranate  should  be  mentioned.  It  is  very  hardy  as  to  climate, 
but  needs  a  moist  soil  in  oi-der  to  give  the  liest  results.  Under  irriga- 
tion good  yields  can  be  obtained.  A  number  of  type.s  are  grown  in 
Algeria,  the  best  sweet  fruit  being  exported  and  bringing  a  good 
price.  The  better  sorts  are  propagated  by  cuttings.  The  spinj', 
unimproved  type  of  pomegranate  is  much  used  as  a  hedge  plant. 
^The  Indian  fig,  or  prickly  pear,  is  abundant  in  the  coast  region, 
where  it  is  almost  perfectly  naturalized.  It  also  occurs  in  some  of 
the  oases,  but  the  high  plateau  region  is  generally  too  cold  for  it. 
There  are  several  different  mces,  some  with  yellow,  some  with  red 
fruit.  A  white-fruited  variety,  of  very  limited  cultivation,  is  said  to 
be  the  finest  of  all.  Indian  figs  are  highly  esteemed  by  the  natives  and 
by  Spani.sh  and  Italian  immigrants,  but  are  rarely  eaten  by  the  French. 

Japanese  (kaki)  persimmons  do  well  iji  most  parts  of  the  coast  region 
and  promise  to  become  one  of  the  iiiiportant  fruit  crops  of  the  colony. 
The  loquat  is  more  sensitive  to  cold,  but  thrives  in  the  littoral  zone. 
In  a  few  sheltered  places  along  the  coast  bananas  can  be  successfully 
grown,  the  "fig  l>anann"  being  the  type  that  yields  best  in  Algeria, 
There  is  only  a  small  area  where  the  cultivation  of  such  tropical  fruits 
as  the  guava,  avocado,  cherimoya,  and  pineapple  is  possible. 

In  the  Aures  Mountains  walnuts  flourish.  Plantations  of  chestnuts, 
established  some  years  ago  bj'  the  forestry  service,  are  now  bearing 
abundant  crops.  The  acclimatization  of  the  pecan  is  l)eing  attempted 
by  the  botanical  service  of  the  colony. 

TKUOE  GBOFI. 

A  great  many  garden  vegetables  ai-e  grown  in  Algeria,  among  which 
may  be  enumerated  artichokes,  asparagus,  beans  (broad,  kidney,  and 
string),  beets,  Brus-sels  sprouts,  cabbage,  cardoon,  carrots,  cauliflower. 
celery,  chick-pea.s,  chicory,  cucumbers,  eggplant,  garlic,  lentils,  let- 
tuce, melons,  onions,  peas,  peppers,  sorrel,  spinach,  s(|ua.sh,  straw- 
berries, sweet  potatoes,  tomatoes,  turnips,  and  watermelons.  Most  of 
these  are  grown  chiefly  for  the  local  markets.  In  the  littoral  zone, 
however,  the  production  in  winter  of  early  vegetables  for  export  to 
Europe  is  an  industry  of  considerable  importance,  .some  20,(HX)  tons 
being  shipped  out  of  the  country  every  year.  Artichokes,  potatoes, 
peas,  and  string  beans  are  the  most  important  of  these.  The  growing 
of  early  tomatoes  for  export  is  also  becoming  a  profitalde  industry. 
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Near  Algiers  especially,  market  gai-dens  abound.  There  the  indus- 
try is  chiefly  in  the  hands  of  natives  of  the  Balearic  Islands,  while  in 
western  Algeria  the  gardeners  are  genenilly  Spanish,  and  in  the  eastern 
part  of  tile  colony  Italians  and  Malte.se.  Neither  the  natives  nor  the 
French  colonists  have  gone  into  the  imsiness  of  growing  truck  crops 
for  export,  although  Ai-ah  and  Kahyle  families  usually  have  small  gar- 
dens in  which  they  raise  vegetables  for  their  own  use. 

There  are  a  numlxsr  of  fa(^to^s  which  comliine  to  limit  gardens  as  a 
commercial  enterprise  to  the  neighlmrhoodof  the  .seashore.  Nowhere 
else,  except  in  the  Sahara,  are  the  winters  sufficiently  warm  to  allow 
Algerian  vegetables  to  be  put  n|K)n  the  markets  of  Kurape  early  enough 
to  insui-e  a  i-emunci-ative  price.  As  it  is,  the  conipetition  of  the  Riviera, 
and  other  parts  of  the  northern  shore  of  the  Mediterranean,  has  in 
recent  years  cut  down  by  40  or  50  percent  the  prices  formerly  obtained. 
Facilities  for  rapid  transportation  by  water,  such  as  are  obtainable 
near  the  coast,  are  es.sential  to  the  success  of  this  industry.  An  abun- 
dant supply  of  water  for  irrigation  is  indispensable.  Finally,  the 
large  quantities  of  manuiv,  sewage,  etc.,  that  are  applied  to  the  gar- 
den.s  can  only  be  had  in  the  large  cities  of  the  seai>oard.  At  Tunis, 
Archimedean  screws  placed  in  thedmins  are  said  to  be  used  for  lifting 
sewage  on  to  the  fields. 

Mai'ket  gardens  are  genenilly  irrigated  by  means  of  the  noria.  For 
the  first  irrigation  of  the  .season  aI>out  2  acre-inchea  of  water  are 
applied,  while  in  each  subsequent  irrigation  about  1.5  acre  inches  ai-e 
aietl.  Except  in  the  case  of  artichokes,  which  will  st^ind  heavy  flood- 
ing, the  irrigation  of  truck  crops  demands  considerable  skill.  The 
flow  of  the  wat<>r  should  be  gentle,  and  it  should  \>e  allowed  to  .stand 
at  only  a  small  depth  on  the  fields. 

By  abundant  walering  and  heavy  manuring  and  fertilizing,  crop  is 
made  to  follow  crop  with  haidly  any  int^-nnission.  From  gai-dens 
thus  managed  the  profits  are  very  large.  A  high  i-ent — often  #75  or 
more  an  acre — is  demanded  for  the  best  market-garden  land  in  the 
vi<inity  of  large  cities.  The  gardener  who  leases  the  land  usually  lives 
ui>on  it  with  his  family,  I'^acli  small  plat  into  which  the  garden  is 
divided  is  usually  surrounded  liy  a  wind-break  of  reeds,  either  the  liv- 
ing plants  being  set  closely  together  to  form  a  hedge  or  a  fence  lieing 
made  of  the  dead  stalks.  Sorghum  and  Indian  corn  are  also  used  for 
wind-breaks. 

Globe  artichokes  are  the  truck  crop  that  is  most  largely  grown  for 
export.  "(Jros  vert  de  Ijaoii"  (lArge  Green  of  Laon)  and  "Violet 
pr^coce  de  Provence,"  ov  '"  Violet  hatif "  {I*>rly  Violet  of  Provence), 
are  the  most  popular  varieties  for  this  purpose.  Artichokes  are  har- 
vei^ted  throughout  the  winter,  from  October  until  April,  the  same 
plant  yielding  several  heads  in  succession.  The  avci-age  yield  from  an 
established  field  is  about  30,000  marketable  heads  to  the  acre. 
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The  consumption  of  potatoes  in  the  colony  being  larger  than  the 
quantity  prodiu-ed.  there  is  h  considerable  importation  of  this  vegetable. 
Yet  the  prodnction  of  early  potatoes,  especially  of  the  Holland  or 
Royal  Kidney  variety,  for  export  to  European  markets,  is  an  important 
phase  of  Algerian  truck  gi-owing.  The  largest  tubers  are  shipped  to 
England,  while  the  Paris  markets  prefer  those  of  medium  aize.  The 
Iwst  prices  are  obtained  for  potatoes  marketed  during  Lent,  especially 
just  before  Easter,  when  from  $2  to  $3.50  per  100  pounds  is  paid  in 
Paris  foi"  Algeiian  potatoes.    . 

Potatoes  gn>wn  for  consumption  in  the  colony  are  sown  in  seed  beds 
in  January  and  February,  and  are  set  out  about  the  end  of  April. 
Yields  of  9,000  to  17,. 'iCK)  pounds  per  acre  are  obtained.  The  prices 
[wid  in  Algerian  markets  for  spring  potatoes  range  from  51)  to  85  cents 
per  100  iMHinds. 

CEBEAliB. 

The  principal  cereals  of  Algeria  are  wheat,  barley,  and  oaf,  which 
are  grown  only  as  winter  crops,  and  sorghum  and  Indian  corn,  which 
oci-upy  the  land  in  summer.  Of  these,  wheat  and  bai"ley  are  by  far 
the  most  important.  Algeria  raises  most  of  the  gi'ain  needed  for 
home  consumption,  imiK>rting  only  a  relatively  xmall  quantity  of  soft 
wheat,  used  in  bnmd  making.  The  colony  exports  large  quantities  of 
wheat,  biirley,  and  oat.s.  The  area  each  j-ear  in  cereal  crops  is  esti- 
mated at  7,00(1,000  acres,  which  is  about  one-third  of  the  entire  culti- 
vated area;  hence  much  more  land  is  in  cereals  than  in  all  other  crops 
coiiiliined.  The  mean  annual  production  in  the  ycai-s  lS!KI-18St.'>  was 
64,;i;il,000  bushels,  and  the  total  value  of  the  annual  product  of  cereals 
aveniges  #45,000,000. 

While  more  or  le.ss  grain  is  produced  in  every  part  of  Algeria,  the 
largest  proportion  is  raised  in  the  valleys  of  the  coast  region,  notably 
in  that  of  the  Cheliff.  Owing  to  the  generally  poor  preparation  of  the 
land  for  cereals,  the  exhausted  condition  of  much  of  the  soil,  and  the 
fact  that  neither  manuring  nor  rotation  is  generally  practiced,  the 
average  yields  are  too  low  to  make  these  crops  as  effe(^tive  as  they 
should  l)c  in  contributing  to  the  wealth  of  the  colony.  Much  the 
greater  part  of  the  grain  is  grown  by  natives  and  gives  yields  aver- 
aging 30  per  cent  lower  than  those  obtained  by  F^uropean  colonists. 
In  districts  where  improved  methods  of  cultivation,  notably  in  respect 
to  deeper  plowing,  have  l>een  introduced  by  the  colonists,  yields  much 
higher  than  the  average  are  obtained.  The  country  around  Sidi  bel 
Ablies,  in  extreme  we-stern  Algeria,  and  S<?tif,  on  the  edge  of  the  high 
plateau  in  the  eastern  part  of  the  colony,  is  especially  notable  in  this 
respect.  The  acreage  in  cereals  that  is  in  the  hands  of  the  natives, 
who  depend  for  their  crops  entirely  upon  the  rainfall  and  take  no  steps 
to  conserve  soil  moisture,  naturally  varies  much  more  from  year  to 
year  than  that  farmed  by  Europeans. 
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WINTER    CEREALS. 

^Vh/'ai. — The  average  area  in  wheat  during  the  ten  years  ended  in 
18!tS  was  over  y,0ili),()0il  acres.  Of  this  about  three-fourths  was 
owned  and  fanned  by  natives.  The  area  in  wheats  of  the  bai-d  or 
durum  type,  a.-j  compared  with  that  in  soft  wheats,  was  as  five  to 
one.  Less  than  7  per  cent  of  the  area  in  wheat  that  is  farmed  bv 
natives  is  devoted  to  soft  wheats,  while  the  European  colonists  grow 
hard  and  soft  varieties  in  about  equal  proportion. 

Algeria  possesses  excellent  i-aces  of  durum  wheat,  for  which  this 
part  of  Africa  was  famous  even  in  Roman  times."  Often  several 
varieties  are  mixed  together  in  one  field,  although  the  Arabs  are 
genei-aliy  acute  in  distinguishing  the  different  types.  Some  of  the 
most  widely  grown  Algerian  hard  wheats  have  long,  black  beards. 
Some  have  short,  others  long  head.s.  In  some  varieties  the  grain  is 
short  and  thick,  in  others  it  is  long  and  narrow.  Types  in  which  the 
grain  is  clear  and  amber  colored  are  particularly  valuable  for  making 
macaroni  and  semolina,  considonible  quantities  of  which  are  manu- 
factured iri  the  colony.  Semolina  forms  the  basis  of  "couscous,"  the 
national  dish  of  the  Arabs.  Large  quantities  of  Algerian  hard  wheats 
are  also  used  at  Marseille  in  the  manufacture  of  macaroni  and  similar 
products,  for  which  they  are  considered  nearly,  if  not  quite,  equal  to 
any  in  the  world. 

Authorities  agree  that  the  types  of  bard  wheat  already  existing  in 
the  colony  answer  all  requirements,  and  that  it  remains  only  to  prac- 
tice careful  seed  selection  in  order  to  improve  the  yield  and  to  secure 
pure  stiwns. 

Several  native  mces  of  soft  wheats  are  also  grown,  including  both 
bearded  and  beaitlless  types.  Soft  wheats  introduced  from  Europe 
have  not,  as  a  rule,  proved  a  snc<'es.s.  When  grown  near  the  coa^^t 
they  often  fall  a  prey  to  rust,  and  are  also  liable  to  dry  up  without 
ripening  when  the  hot  weather  begins  in  the  spring.  Keoent  experi- 
ments with  the  Kichelle  varietie.%  however,  have  indicated  that  this 
type  is  well  adapted  to  Algerian  conditions,  giving  good  yields  at 
several  point^K. 

Wheat,  which  is  commonly  broadcasted,  is  always  sown  in  the  fall, 
generally  in  November,  after  the  rains  have  begun.  In  very  dry  years 
the  soil  is  sometimes  not  in  a  condition  for  plowing  in  preparation  for 
a  crop  of  gmin  until  well  into  the  winter.  This  entails  late  sowing, 
which  often  greatly  diminishes  the  yield  obtained. 

The  harvest  takes  place  in  May  or  June,  according  to  altitude,  there 
being  about  four  weeks'  difference  in  time  between  the  earliest  and 
the  latest  localities  in  the  colony,     A  native  takes  from  three  to  five 

«  For  dewTiptiona  ami  illustralionH  of  tlie  VHrieties  ot  Algerian  wheats,  see  V.  S. 
Scodeld,  Bulletin  No.  7,  Bureau  of  Plant  Induetry,  L'.  S.  Department  of  Agricnltura. 
1S02. 
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day.s  to  harvest  an  acre  of  wheat  with  a  uickle,  the  implement  that  is 
still  used  in  the  gi'eater  part  of  Al^f  I'i*-  K<*cflntly.  however,  the  com- 
bined reaper  and  Itinder  has  ™me  into  use  in  !jonie  places.  Thrashinfj 
is  done  as  woon  as  possible  after  the  harvest  and  in  a  very  primitive 
way.  The  sheaves  arc  spread  out  on  a  floor  of  hai-dened  clay,  which 
is  unsheltered  from  tie  air  and  sunshine.  They  are  placed  in  concen- 
tric circles,  with  the  heads  turned  inward.  Horses,  mules,  or  some- 
times oxen,  are  then  driven  around  on  the  floor,  again  and  again,  until 
the  grain  is  heaten  out.  Sometimes  the  animals  are  hitched  to  a  stone 
roller.  Two  men  with  three  horses  can  thus  thrash  out  40  bushels  of 
wheat  a  day,  or  if  a  roller  is  used,  70  bushels.  About  5  cents  a  bushel 
is  paid  for  thrasbiny  wheat.  The  modern  thrashing  machines  that  are 
used  in  a  few  localities  handle  as  much  as  750  bushels  in  a  day. 

On  the  lai'ge  estates  wheat  is  cleaned  by  means  of  fans.  Generally, 
however,  a  method  is  used  which  hay  been  practiced  for  ages  in  the 
Mediterranean  countries — that  of  pitching  into  the  air  the  mixture  of 
grain  and  ehaff,  the  wind  <Sirrying  away  most  of  the  latter.  This  can 
be  done  to  advantage  only  on  days  when  the  wind  is  favorable.  The 
straw  is  carefully  saved  and  stacked,  to  he  used  a-s  fodder,  the  stack 
l«ing  usually  protected  by  a  covering  of  dried  mud  mixed  with  short 
straw. 

An  ingenious  contrivance  for  storing  grain  is  in  use  among  the 
Arabs.  A  piece  of  high  ground  having  been  selected,  a  hole  10  to  18 
feet  deep  and  0  to  10  feet  wide  is  dug,  with  a  narrower  opening.  The 
interior  is  thoroughly  dried  by  burning  in  it  straw  or  brush,  and  is 
then  lined  with  a  layer  of  matting  and  straw  a))out  6  inches  deep.  The 
carefully  dried  grain  is  packed  closely  into  this  cellar,  the  mouth  of 
which  is  then  covered  with  straw,  matting,  and  tinally  with  clay. 
Earth  is  then  shoveled  over  the  top  to  hide  the  wherealK>uts  of  the 
store.  Grain  can  be  kept  for  long  periods  without  deterioration  in 
this  unique  sort  of  granary.  The  Kabyles  generally  use  enrthenware 
jars  for  storing  grain. 

The  average  yield  of  wheat  obtained  by  European  colonists  is  altout 
15  bushels  per  acre,  although  under  the  most  favorable  conditions 
very  much  higher  yields  are  sometimes  had.  The  natives,  on  the  other 
hand,  are  well  satisfied  with  a  yield  of  S  or  It  bushels. 

Wheat  receives  irrigation  in  onlj'  a  few  districts,  nobibly  in  some  of 
tlie  large  valleys  of  western  Algeria.  A  marked  incroa.se  in  yield  is 
the  result.  An  irrigation  in  the  early  autumn  at  the  rate  of  S  or  4 
acre-inches  puts  the  land  into  good  shape  for  plowing  and  sowing.  The 
distribution  of  rainfall  during  the  winter  regulates  subsequent  irriga- 
tion, which  does  not  exceed  ^.5  acre-inches  at  eiu'h  application. 

/frt77i-//.  —  The  area  in  barley  averaged  during  the  ten  years  ended 
in  1893  over  3,500,000  acres.  S*3  per  cent  of  which  was  owned  and  cul- 
tivated by  natives.     Barley  is  even  Inttter  adapted  than  wheat  to  native 
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agricultiire,  being  more  drought  resistant  and  requiring  leas  prepara- 
tion of  the  soil.  The  average  yield  for  the  entire  colony  is  about  25 
hushels  per  acre,  but  European  colonists  sometimes  obtain  40  or  5D 
bashels.  Barley  forms  a  large  part  of  the  food  of  the  native  popula- 
tion and  is  also  invaluable  as  forage,  being  almost  the  only  grain  that 
is  fed  to  animals.  Of  the  annual  product  of  nearly  30,000,000  biisheU, 
about  one-eighth  is  exported.  Much  of  this  goes  to  northern  France 
and  to  England,  in  which  countries  it  ts  used  in  brewing.  Algerian 
barleys  are  in  high  favor  with  European  brewers,  mther  be(!ause  of 
their  cheapness  than  their  quality.  Improved  races,  like  Chevalier, 
do  not  generally  succeed  in  Algeria,  )>eing  t*K>  liable  to  shatter;  yet  in 
some  localities  certain  of  the  two-rowed  European  brewing  barleys 
have  given  good  yields.  Naked  varieties  having  an  easily  shelled 
grain  are  those  generally  grown  by  the  natives  to,  serve  as  food. 
They  are  very  early  and  yield  heavily. 

OatH, — Compared  with  wheat  and  barley,  oats  are  an  unimportant 
crop  in  Algeria.  Tlie  average  annual  acreage  from  1884  to  1893  was 
only  114,000;  i.  e.,  less  than  4  per  cent  of  the  area  that  was  in  wheat 
and  lesM  than  3  per  cent  of  that  in  barley.  Oats  are  grown  almost 
exclusively  by  European  colonists  for  export  to  Europe,  Before  the 
French  conquest  this  cereal  was  practically  unknown  in  Algeria,  It  is 
there  considered  by  some  authorities  to  be  more  resistant  to  drought 
and  to  sialt  in  the  soil  than  is  either  wheat  or  iarley.  It  also  requires 
less  preparation  of  the  soil  and  gives  larger  j'ields  on  newly  cleared 
and  poorly  prepared  land,  l>eing  less  likely  to  l)e  choked  by  weeds.  It 
can  be  sown  up  to  the  end  of  January — much  later  than  wheat.  The 
harvest  takes  place  al>out  the  middle  of  May,  and  the  average  yield  is 
45  to  55  bushels  per  acre.  Oats  are  .said  to  l»e  very  susceptible  in 
Algeria  to  the  attacks  of  ci^ot  and  of  rust,  and  for  this  reason  the 
common  winter  oat  is  the  only  variety  that  can  usually  be  gi-own  at  a 
pro  lit. 

SUMMER   CEREALS. 

Soryhntn. — Two  varieties  of  sorghum  are  grown,  chiefly  by  the 
natives.  These  aie  white  sorghum,  the  " bechna"  of  the  Arabs,  which 
H  much  nsed  by  the  better  class  of  Kabyles  as  a  substitute  for  wheat 
flour  in  making  "couscous"  and  bread;  and  black  sorghum,  or  "dra," 
from  the  seeds  of  which  the  bread  of  the  poorer  natives  is  made. 
Hlaok  sorghum  is  al.so  fed  to  animals;  the  leaves  and  stalks  are  a 
valuable  resouive  at  a  season  when  green  forage  \s  scarce  in  Algeria. 

If  there  is  plenty  of  rain  in  April  and  May,  and  oo.'asional  showers 
in  June,  a  good  crop  of  sorghum  can  be  made  without  irrigation. 
The  heavier  alluvial  soils  of  the  valley  Ijottoms  are  considered  best 
adapted  to  this  crop,  which  is  most  grown  in  the  mountain  zone  of 
the  coast  region.     Sorghum  is  sown  in  April  and  ripens  in  August. 
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III  }rood  ycai'K  IS  to  26  bushels  of  ^rain  nre  obtained  from  an  acre. 
During  tho  ten  years  ended  in  181)3  the  avera^fe  area  in  sorghum  was 
75;(KHl  ai-res. 

tiidiav  cf/rit. — In  the  irrigated  soils  of  the  large  valleys  Indian  corn 
is  the  most  profitable  summer  cereal,  but  without  a  good  water  supply 
it  is  rarely  a  paying  crop.  For  this  reason,  and  because  of  the  scarcity 
of  manure,  comparatively  little  is  grown.  The  average  area  grown  by 
natives  during  the  ten  yeai-s  ended  in  1893  was  20,()00  acres.  The 
variety  known  as  "  Quarantain  "  is  esteemed  for  its  earliness;  "  Cara- 
gua"  for  its  large  yields.  Yields  of  22  to  30  bushels  per  acre  are 
obtained  under  irrigation,  and  the  grain  sells  for  about  Ifil  per  bushel. 
Algeria  exports  an  insigniticant  quantity  of  this  grain.  Among  the 
natives,  espeeially  in  the  Kabyle  mountain  districts,  the  roasted  eai's 
of  maize  are  much  esteemed  as  food,  but  with  Euroi>euii  colonists  it  is 
not  in  favor  as  a  table  vegetable. 

FOEAOE    CSOFB. 


Two  sorts  of  wild  forage  are  to  be  distinguished-  -that  of  fallow 
fields  and  that  of  natural  meadows. 

l'"all</w-tund  fwuge. — Aftei-  the  removal  of  the  winter  crop  of  cereals 
wild  plants  of  various  sorts,  including  a  great  variety  of  Leguminosn?, 
spring  up  amid  the  stubble,  especially  when  the  autumn  rains  iH'gin. 
This  wild  foi-age  is  generally  most  luxuriant  during  the  first  winter 
following  the  crop  of  grain.  If  the  land  is  then  left  fallow  forseveral 
years  in  succession  a  gradual  deterioration  of  the  wild  forage,  lK>th  in 
quality  and  in  quantity,  is  observable.  This  can  t>e  prevented  in  large 
meaiiure  by  occ&sional  plowing.  An  application  of  farm  mannreat  the 
rate  of  about  10  tons  per  acre  will  cause  large  yields  of  natural  forage 
to  be  jiroduced  for  two  or  three  years,  besides  putting  the  land  into 
excellent  shape  for  two  successive  crops  of  cereals  at  the  end  of  that 
period.  Forage  of  this  kind  is  generally  pastured.  If  made  into  liay, 
it  is  usually  fed  on  the  farm,  not  being  of  a  sort  that  is  well  adapted 
for  iKiling  and  shipment. 

In  the  oases  of  the  Sahara,  Kermuda  gras.s,  which  the  natives  esteem 
as  a  forage  plant,  al)ounds.  Almost  every  roadside  and  ditch  bank  is 
otrcupied  by  this  grass.     It  is  eithei'  grazed  or  is  cut  and  fed  green. 

I'^'/i-oge  of  natural  iiieadwna  and  prairlfH. — The  slopes  of  the  hills 
and  mountains  of  the  coast  region  and  the  steppes  of  the  high  plateau, 
like  the  great  plains  of  the  Western  States,  are  still  covered  in  gi-eat 
part  with  a  growth  of  grasses  and  other  native  plants,  tlie  value  of 
which  is  enhanced  by  the  presence  of  numerous  species  of  vetch, 
clover,  bur  clover,  and  other  Leguminosa;,  In  the  high  plateau  region 
largo  flocks  of  .sheep  and  goats  are  pastiu'ed  upon  the  natural  licrbage 
of  the  range,  generally  obtaining  no  other  food,  ^--       •    r 
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Two  sorts  of  natunit  meadow  arc  to  be  distinguished — sucj  as  oocu- 
pie.s  lund  that  is  dry  during  the  summer  and  such  as  is  moist  through- 
out the  year.  The  first  type  covers  by  far  the  greater  area.  As  in 
(!!alifornia  and  in  coiintrie.s  where  most  of  the  rain  falls  during  the 
winter  months,  the  herbage  is  parehed  and  brown  in  summer.  With 
the  first  autumn  rains,  however,  a  sudden  tran.sformation  takes  place. 
The  grass  turns  green  as  if  by  magic,  and  innumerable  flowering 
plants  spring  up  to  beautify  the  land. 

During  Octoljer,  November,  and  December,  in  the  coast  region, 
cattle  and  other  sto<'k  are  turned  out  to  graze  upon  this  tender  young 
growth.  At  its  best,  5  acres  will  support  (>  head  of  cattle.  Dur- 
ing the  latter  part  of  the  winter  and  in  the  spring  it  is  more  profit- 
able to  keep  animals  off  the  natural  meadows,  allowing  a  hay  crop  to 
be  made.  The  greater  part  of  the  hay  of  the  colony  is  produced  by 
the  dry  meadows  of  the  coast  region.  This  is  the  hay  that  is  pur- 
chased for  the  cavalry  service  of  the  army,  and  it  is  exported  in  con- 
siderable quantity  to  Fi-aiice  in  years  when  the  n-op  of  that  country  is 
short. 

Artificial  treatment  of  these  natural  meadows  is  rarely  attempted, 
yet  in  many  Leases  occasional  irrigations,  plowings,  and  manurtngn 
would  very  largely  increase  the  yields  obtained.  In  some  places  it 
might  l)c  advantageous  to  seed  to  wild  grasses  and  forage  plants  of 
better  quality  than  thase  now  occupying  the  land.  Without  treat- 
ment of  any  kind,  however,  natural  meadows  will  la.st  a  long  time  in 
good  soil — sometimes  twenty  years  without  serious  deterioration. 

Meadows  that  are  moist  and  green  throughout  the  year  produce 
more  abundant  but  coarser  forage.  A  cutting  of  hay  is  sometime* 
taken  in  spring  from  such  meadows,  but  during  the  rest  of  the  year 
they  are  used  as  pastures.  They  are  a  valuable  resource  in  suniaier. 
when  most  of  the  grass  land  is  scorched  and  dry. 

In  the  coast  region,  hay  is  cut  between  the  middle  of  April  and  the 
middle  of  May,  the  date  of  harvest  varying  considerably  in  different 
yeai-s  and  at  different  altitudes.  The  scythe  is  genei"ally  used,  a  native 
workman  receiving  from  05  t^>  75  cc^nts  for  cutting  an  acre.  There 
are  some  localities,  like  the  Mitldja  Valley,  near  Algiers,  where  the 
nature  of  the  ground  permits  the  use  of  a  mowing  machine,  which 
reduces  the  cost  to  about  3n  cents  an  acre.  The  average  yield  of  hay 
from  an  acre  of  natural  meadow  is  a  little  more  than  1  ton. 

In  the  drier  valleys*  like  the  Ch^liff,  the  hay  can  be  gathered  into 
double  swaths  by  the  horserake  the  day  after  it  is  cut.  Two  or  three 
days  later  it  can  W,  stacked  in  ricks.  The  rick  ordinarily  contains  from 
2  to  yi  tons,  and  is  generally  covered  over  with  a  thatch  composed  of 
the  coar.se  gmss  known  as  "dyss"  (Ampelodesmos),  In  ca.se  it  is  not 
convenient  to  place  the  rick  on  high  ground,  care  is  taken  to  surrounfl 
it  with  a  trench  to  carry  off  the  rain  water.     One  end  of  the  rick 
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always  fai-es  the  west,  the  direction  from  which  come  the  heaviest 
i-ainsborm^.  Hay  is  taken  out  as  required  at  the  other  end.  In  fuvor- 
al)le  seasons  'ij  tons  of  bay  can  be  cut,  cured,  and  stacked  at  an  ex[wnse 
of  less  than  $5.  Hay  is  usually  baled  at  a  cost  of  a)>out  5  cents  per 
bale  of  110  pounds.  Near  the  larger  cities  it  is  hauled  at  the  rate  of 
about  30  cents  a  mile  for  an  ordinary  wagonload. 

The  prices  paid  for  green  forage  and  for  hay  in  Algeria  are  ba-sed 
upon  those  offered  by  the  government,  which  purchases  large  supplies 
for  the  cavalry  service  of  the  armj'.  Various  stipulations  are  madeas 
to  the  quality  of  the  forage  to  be  delivered,  and  as  these  rules  are  also 
followed  by  most  private  buyers  it  will  be  interesting  to  enumerate 
some  of  them.  Hay  is  rejected  if  it  consists  of  but  one  valuable  spe- 
cies, if  it  has  been  mixed  after  cutting,  and  if  itcontains  various  coarse 
weeds,  notably  thistles  and  plants  of  the  parsnip  family,  poisonous 
plants,  grasses  like  foxtail  with  shavp-pointed  beards  that  injure  the 
mouths  of  animals,  various  salt-loving  weeds,  and  coarse  marsh  plants. 
The  hay  must,  of  course,  be  well  ciin»d,  perfectly  dry,  and  reasonably 
free  from  dust,  A  veterinary  surgeon  is  detailed  to  inspect  the  bay 
before  it  is  purchased. 


The  area  which  is  adapted  to  the  cultivation  of  forage  plants  in 
Algeria  in  summer  is  limited  by  the  scantiness  of  the  water  supply  at 
that  season.  Only  in  the  valleys  of  the  coast  region,  where  irrigation 
is  practiced,  can  such  crops  be  grown  on  an  important  scale.  Hence, 
in  the  total  production  of  forage  in  the  colony,  cultivated  plants  play 
a  much  less  important  part  than  wild  vegetation. 


Alfalfa,  irr  hicern.—\n  Algeria,  as  in  the  arid  part  of  the  United 
Stat«s,  alfalfa  is  the  most  valuable  cultivated  forage  plant  for  peren- 
nial meadows.  It  is  grown  extensively  in  the  irrigated  valleys  of  the 
coast  region.  In  the  high  plateau  region  little  alfalfa  is  cultivated, 
but  in  some  of  the  oasos  of  the  desert  region  it  is  the  most  important 
forage  ciMp.  Often  in  the  coast  region  and  always  in  the  Sahara, 
alfalfa  is  grown  in  small,  carefully  tended  patches.  {PI.  V,  tig.  I.) 
Fall  sowing  is  generally  practiced,  although  in  elevated  regions  like 
that  around  S^tif,  where  early  frosts  are  likely  to  occur,  it  is  some- 
times advisable  to  sow  in  the  sprfng.  In  that  case,  however,  the  seed 
must  be  put  in  as  early  as  possible,  a^ otherwise  the  young  plants 
suffer  from  the  dry,  hot  weather  of  the  later  spring  months. 

The  seed  is  often  put  in  in  rows,  thus  permitting  the  frequent  culti- 
vation and  weeding  of  the  fields.  Otherwise,  weeds,  csj>ecially  Ber- 
muda grass  and  chicory,  choke  out  the  alfalfa.    If  sown  broadcast  an 


idbyGoOglC 


80  AGRICULTURAL   EXPLORATIONS   IN   ALGERIA. 

occfusioiml  harrowing  is  necesisary  to  keep  down  the  weeds.  In  ca.«e 
the  fields  are  infested  with  dodder,  the  worst  enemy  of  alfalfa  in 
Algeria,  these  methods  are  not  efficacious  and  other  ntetinfi  must  lie 
taken  to  get  rid  of  the  pest.  When  the  drill  is  used,  iihont  18  pounds 
of  seed  to  the  acre  are  sown,  but  if  broadcasted,  about  22  pounds. 
Occasionally  alfalfa  is  put  in-prefembly  in  January  or  February — 
with  oats  or  barley,  the  latter  serving  as  a  cover  crop  for  the  young 
alfalfa;  but  this  pi-actice  is  condemnetl  by  the  best  authorities.  Well- 
kept  alfalfa  meadows  last  twelve  years  or  longer  in  Algeria, 

Alfalfa  is  generally  cut  with  a  scythe.  A  native  laborer  c^n  cut  a 
little  more  than  an  acre  a  day,  and  receives  about  i5  cents  an  acre  for 
the  work.  When  a  mowing  mH<:hine  is  used  the  co.st  of  cutting  an 
acre  is  about  '25  cents.  In  the  oases  of  the  Sahara  a  sort  of  sickle, 
with  a  nearly  straight  blade  having  a  serrated  edge,  is  used  in  cutting 
alfalfa. 

The  alfalfa  crop  is  irrigated  in  Algeria  lioth  by  flooding  and  by 
the  furrow  method.  The  latter  requires  less  water,  but  give.-i  thelwst 
results  only  in  rather  light  soils.  Flooding  is  llie  prefei-able  method 
if  the  irrigating  water  is  decidedly  saline.  From  3  to  4  acre-feet  are 
put  on  at  each  irrigation. 

Under  irrigation,  with  a  watering  given  every  week  or  so  through- 
out the  summer,  seven  or  eight  cuttings  can  be  taken,  yielding  a  total 
of  7  or  8  tons  of  hay  per  acre.  In  soils  of  the  littoral  zone  that  retain 
a  fair  amount  of  natural  moisture  throughout  the  .'summer,  alfalfa  can 
sometimes  be  grown  without  irrigation.  Three  cuttings,  aggregating 
3  or  4  tons  of  hay,  besides  a  considerable  amount  of  pa.sturage,  can  l>e 
obtiiined  under  such  conditions. 

Most  of  the  alfalfa  in  the  raast  region  of  Algeria  is  derived  from 
the  "Liucerne  de  Provence,"  a  race  that  is  grown  in  southeastern 
France.  This  showed  itself  from  its  first  introduction  to  he  perfectly 
adapted  to  conditions  in  that  part  of  the  colony.  On  the  other  hand. 
seed  of  alfalfa  brought  from  Poitou,  in  western  France,  considerably 
north  of  Provence,  does  not  succeed  nearly  so  well  in  Algeria.  A 
native  drought- res istamt  strain  is  grown  without  irrigation  in  the 
neighborhood  of  S^tif,  in  tlie  eastern  part  of  the  high  plateau  region. 
This  variety  may  prove  valuable  in  parts  of  the  Western  States  where 
water  for  irrigating  is  not  available.  Turkestan  alfalfa  is  being  tested 
in  Algeria  and  gives  indication  of  being  well  adapted  to  the  drier 
parts  of  the  colony,  particularly  where  the  soils  arc  somewhat  saline. 
A  fair  stand  has  been  obtained  near  Algiers  without  irrigation,  Tbe 
alfalfa  that  is  grown  in  the  oases  of  the  Sahara  appears  to  be  decidedly 
resistant  to  the  presence  in  the  soil  and  irrigating  water  of  large  aiiiuunts 
of  salt  (PI.  IV,  fig.  y.)  At  Komlm,  near  Algiers,  the  writers  saw 
trial  patches  of  alfalfa  grown  from  seed  obtaiined  from  the  United 
States,  from  Tougourt  in  the  Algerian  Sahara,  and  from  Turk&itan 
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all  grown  without  irrigation.  That  from  the  Sahara  seemed  to  thrive 
better  at  Itouiba  than  the  American  sort.  The  leafieta  are  shorter, 
broader,  and  hairier  than  those  of  the  American  plants."  The  Tur- 
liestan  alfalfa  seemed  to  be  earlier  in  maturing  its  seed  than  either  of 
the  other  sorts.  Doctor  Trabut,  the  Government  Botanist,  thinks  it 
will  grow  with  less  water  than  other  kinds  of  alfalfa,  and  that  it  may 
consequently  prove  valuable  for  the  steppe  or  high  plateau  region  of 
central  Algeria.  Although  the  stand  grown  from  Turkestan  seed  was 
less  than  one  year  old  and  had  received  no  irrigation  whatever,  it  was 
in  fairly  good  condition.  It  is,  however,  very  liable  to  infection  with 
a  rust  (Pneuddpeziza  trlfolia).  Doctor  Trabut  finds  this  very  fre- 
quently the  case  with  plants  brought  from  extremely  arid  regions  into 
the  more  humid  climate  of  the  coast  region  in  Algeria. 

At  Tougourt,  in  the  Algerian  Sahara,  alfalfa  is  grown  in  most  of 
the  gardens,  generally  in  the  shade  of  date  palms,  in  small  patches 
from  which  other  plants  are  excluded.  It  is  usually  grown  in  plats 
about  20  feet  long  and  6  feet  wide,  with  a  low  ridge  of  hare  soil  4  feet 
or  HO  wide  between  each  plat.  The  top  of  the  ridge  is  usually  white 
with  an  efflorescence  of  salts.  The  seed  is  sown  in  the  autumn  in  rows 
a  foot  or  so  apart,  barley  being  gcnei'ally  sown  with  the  alfalfa  and  har- 
vested the  following  spring.  Thenceforward  the  alfalfa  grows  alone, 
and  the  stand  is  usually  allowed  to  occupy  the  ground  4  or  5  years. 
It  is  then  plowed  under,  and  other  cultures — generally  garden  vege- 
tables-'take  its  place.  By  this  system  the  roots  of  the  alfalfa  plants 
probably  do  not  have  time  to  grow  down  into  those  depths  of  the 
subsoil  which  are  saturated  with  water  from  the  almost  constant  irri- 
gation given  in  these  gardens. 

Every  week  during  the  summer  one  or  two  irrigations  are  given  the 
alfalfa,  which  is  tended  as  carefully  as  any  garden  v^etable.  With 
such  frequent  irrigation  a  great  number  of  cuttings  is  possible,  espe- 
cially' as  the  stems  are  cut  whenever  they  reach  a  height  of  about  2  feet. 
One  native  grower  stated  to  the  writers  that  he  obtained  as  many  as 
24  cuttings  during  the  year,  but  this  was  doubtless  an  exaggeration. 
The  stems  are  cut  off  very  close  to  the  ground  by  means  of  a  curved 
iron  knife  with  serrated  edge.  They  are  tied  in  small  bunches,  7  or  )S 
inches  in  diameter,  the  ends  of  which  are  placed  in  running  water  to 
keep  the  alfalfa  fresh  and  attractive  looking  until  it  is  ready  to  lie 
sold.  In  the  market  at  Tougourt  such  a  hunch  sells  for  L  cent.  8o 
far  as  we  could  learn,  alfalfa  is  always  fed  green  in  these  oases,  and  is 

•^At  Yuma,  Ariz.,  during  the  last  two  years,  alfalfa  from  Tarkeatan,  Iroin  tin; 
Al^rian  oases,  and  from  Utah  wa«  grown  side  by  xide.  No  constant  diffcreiiceH  a-t  tu 
hairiness  could  be  detected,  but  the  leaflets  of  the  Algerian  seem  to  be  generally 
broader  than  those  of  the  Turkeetan  and  Utah  eorte.  The  Algerian  sort  Heeuia  aleo 
to  grow  faster  and  to  promise  lai^r  yields  than  the  otbere. 
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never  inade  into  hay.  As  it  grows  more  or  less  thi-oughout  the  win- 
ter, a  sufficient  supply  of  green  forage  can  generally  be  obtained  at 
all  seasons. 

The  alfalfa  grown  at  Tougourt  is  of  fine  quality,  succulent,  thin 
stemmed,  almost  perfei-tly  smooth,  and  having  large,  thin  leaves. 
These  qualities  are  doubtless  mainly  due  to  its  being  more  or  less 
shaded  by  the  date  jjahiis  and  to  the  frequent  watering  it  receives; 
for,  at  the  experiment  station  at  RouTba,  alfalfa  from  Tougourt  had 
wiry  stems  and  was  hairier  even  than  the  American  alfalfa  grown 
beside  it. 

The  crust  of  salt  that  often  covei's  the  ditch  banks  and  strips  of  bare 
soil  between  the  plats  of  alfalfa  is  sufficient  evidence  that  the  soil  of 
the  oases  is  very  saline.  The  water  used  in  irrigating  likewise  has  a 
high  salt  content.  Yet  there  are  reasons  for  believing  that  the  amount 
of  salt  towhich  the  plants  are  actually  exposed  during  germination  and 
while  still  very  young  is  not  so  great  as  would  at  iirst  appear  to  l»e  the 
case.  The  soil  is  light  and  loamy,  and  hence  easily  drained.  EspecUl 
attention  is  given  to  this  matter  by  the  Arabs,  drainage  ditches  lieing 
dug  in  the  gardens  at  frequent  intervals.  These  end  blindly,  as 
there  is  no  natural  outlet  for  them.  Nevertheless,  thej  must  have 
a  considerable  degree  of  efficiency,  for  the  alfalfa  that  is  nearest  the 
ditches  is  always  in  decidedly  better  condition  than  that  which  is  far- 
ther away.  With  this  provision  for  drainage  and  the  very  frequent 
irrigations  given,  it  is  probable  that  a  very  considei-able  amount  of 
salt  is  leached  out  of  the  uppermost  layers  of  the  readily  permeable 
soil.  The  date  palms  that  shade  the  ground  do  their  part  by  keeping 
down  evaporation  and  thus  retarding  the  return  of  the  salt^  to  the 
surface.  Finally,  the  oasis  soils  are  very  rich  in  gypsum  {calcium 
sulphate).  This,  as  is  well  known,  neutralizes  to  a  considerable  degree 
the  harmful  effect  of  other  salts  in  the  soil. 

At  the  small  oasis  of  Kuda-Asli,  a  few  miles  from  Tougourt,  alfalfa 
was  found  growing  in  the  open,  unshaded  by  palms  or  other  trees. 
Examination  of  the  soil  showed  that  the  plants  were  making  a  fairly 
good  growth,  although  the  stand  was  thin,  in  the  presence  of  1,3(>  per 
cent  of  salts  in  the  first  foot  of  soil.  A  good  growth  occurred  in  the 
presence  of  0.9  per  cent  in  the  first  and  0.5  per  cent  in  the  second  foot. 
Finally,  an  excellent  stand  had  bgcn  obtained  in  soil  that  contained 
from  0.4  to  0.6  per  cent  of  salts  in  the  first  and  second  feet.  The 
water  used  for  iiTigating  this  field  contained  400  parts  of  salt  per 
1(H),(KK),  The  soil  is  a  sandy  loam,  and  is  so  full  of  gypsum  that  at  a 
depth  of  about  2  feet  a  veritable  hardpan  of  this  substance  is  encoun- 
tered. The  presence  of  this  dense  stmtum  would  be  expected  to 
interfere  seiiously  with  drainage,  to  which  the  texture  of  the  soil  is 
otherwise  well  adapted.  Consequently,  notwithstanding  the  condi- 
tions mentioned  in  the  preceding  paragraph  as  tending  to  counteract 
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to  some  extent  the  effect  of  the  salt,  it  would  seem  to  be  beyond 
question  that  this  alfalfa  is  a  distinctly  resbtant  race,  and  in  able  to 
endure  more  salt  in  the  -soil  than  the  alfalfa  ordinarily  grown  in  the 
United  States.  A  small  quantity  of  wied,  reported  to  have  Iieen  har- 
vested last  year  from  this  patch,  was  secured  for  trial  in  this  country. 

Horse  heann  (  Vicia  faha). — The  horse  bean  ia  a  fomi  of  the  broad 
.  )>ean,  having  more  numerous  and  smaller  pods.  It  retiuires  deep, 
strong  soils,  containing  a  considerable  amount  of  lime.  When  grown 
as  a  forage  crop  it  it!  sown,  sometimes  mixed  with  barley  or  oats  and 
sometimes  alone,  in  rows  about  2  feet  apart.  When  the  pods  begin 
to  turn  bi-own  the  bean-s  are  harvested,  spread  upon  the  ground  to  dry, 
and  then  thrashed.  The  coarse,  black  straw,  mixed  with  other  foi-age, 
is  fed  to  animals.  The  seeds  are  a  valuable  fee-d  for  milch  cows,  but 
discretion  nmst  be  used  in  feeding  them.  Horse  beans  yield  about  10 
tons  of  green  forage  and  22  to  28  bushels  of  seed  per  acre. 

Sidla  {ITedysaruin  cororiariuvi). — This  leguminous  plant  has  Iteen 
highly  recommended  for  Algeria,  but  is  generally  found  dithcult  to 
grow  and  uncertain  in  yield.  It  is  a  deep  rooting  plant  with  erect 
stems  2  or  S  feet  high.  In  the  green  state  it  is  said  not  to  be  relished 
by  animals;  but  if  cut  before  flowering  and  made  into  hay  or  ensilage 
it  constitutes  an  excellent  forage.  It  is,  however,  very  difficult  to 
cure  without  losing  the  leaves.  A  further  objection  is  that,  while 
occupying  the  land  two  years,  only  one  cutting  can  be  taken.  A 
good  stiind  ia  nevertheless  very  productive,  the  ai'ei-age  yield  being, 
acirording  to  one  authority,  5i  tons  of  hay  to  the  acre. 

Fenugrnek  {TrigrmeUa  fcenmii-tjrinciim). — This  plant  is  very  useful 
as  a  green  manure  crop,  especially  on  tobacco  land,  for  which  purpose 
it  is  recommended  to  be  sown  with  horse  Iieans.  The  forage  is  uiucli 
relished  by  cattle,  but  is  said  to  give  a  disagreeable  flavor  to  beef.  The 
aromatic  seeds  are  considered  stimulating  and  fattening  when  added  to 
other  forage. 

Beraemii  ( Trlfolluin  alcJVl^drinum).-~\^fiTScem  promises  to  t>e a  valu- 
able forage  crop  under  irrigation  in  parts  of  Algeria  where  the  win- 
ters are  mild.  It  is  most  iikely  to  succeed  near  the  coast  and  in  the 
oa.ses  of  the  Sahara,  especially  as  a  green  manure  crop  for  orchards. 
A  good  stand  has  been  obtained  near  Algiei-s  by  sowing  as  early  as 
•July,  four  cuttings  having  been  taken  before  the  end  of  May. 

VeU-hes. — Vetches  are  sometimes  grown  alone,  but  their  trailing 
habit  makes  them  difiicult  to  cut.  They  arc  best  handled  when  sown 
with  barley  or  oats,  this  mixture  forming  one  of  the  mast  valuable 
winter  forage  crops  of  the  colony.  Winter  vetch  (  Vtcia  gativa)  is  the 
species  nrost  used,  the  hairy  vetch  (  V.  villoaa)  not  having  pi-ovod  a  suc- 
cess. The  seed  is  sown  in  October  and  November  at  the  rate  of  7U 
pounds  of  vetch  and  25  to  35  pounds  of  oats  or  barley  to  the  aero. 
Vetch  seed  is  rather  scarce  and  high  priced.     The  crop  is  harvested 
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in  April  or  enrly  in  May,  when  the  vehih  is  in  blossom  and  the  cei'cal 
in  niilb.  It  'in  ordinarily  fed  green,  although  tbi»)  can  be  done  with 
perfect  safety  only  after  allowing  it  to  wilt  for  a  few  hours.  The 
mixed  hay  furnished  by  vetch  with  barley  or  oats  is  far  superior  to 
that  of  the  natural  meadows.  In  seasons  when  the  rainfall  has  been 
plentiful,  3'ields  amounting  to  1^  or  ^  tonij  per  acre  are  obtained. 
The  largest  yields  are  given  by  land  that  has  previously  been  manured  . 
at  the  rate  of  about  1,000  cubic  feet  of  farm  manure  to  the  acre.  In 
very  wet  springs  hay  of  this  Icind  is  difficult  to  cure,  the  vetch  having 
a  tendency  to  rot  and  drap  its  leaves.  This  crop  leaves  the  land  in 
excellent  shape  to  be  put  into  grain  the  following  winter. 

The  botanical  service  of  the  Algerian  government  has  been  experi- 
menting for  several  years  with  n  variety  of  leguminous  plants  that 
promise  to  be  more  or  Ichs  useful  as  forage  and  green  manui'e  crops. 
For  the  latter  puipose,  especially  in  vlneyai-ds,  lupines,  horse  beans, 
fenugreek,  vetches,  peas,  and  lentils  are  recommended. 


In  the  coast  region,  especially  in  the  mountain  ^ono,  a  number  of 
trees  contribute  to  "the  supply  of  foragt\  The  Kabyles,  having  little 
room  for  field  crops,  feed  the  leaves  of  various  trees  to  their  animals. 
The  leafy  twigs  of  the  olive,  removed  in  pruning,  and  the  leaves  of 
the  elm  are  thus  utilized.  Dried  fig  leaves  serve  in  winter  as  a  sub- 
stitute for  hay.  In  the  handsome  a.sh  of  his  mountains  the  Kabyle 
has  a  veritable  overhead  nu>adow,  which  yields  liim  a  constant  supply 
of  green  forage.  The  most  important  of  arboceal  fon^e  plants  is, 
however,  the  cai'ob. 

C'arob,  or  Si.  Jo/m^s  hvad. — The  pods  of  this  small  tree,  which 
resemble  those  of  the  American  honey  locust  in  having  their  seeds 
surrounded  by  a  sweetish  pulp,  are  highly  esteemed  throughout  the 
Med  ite  Iran  can  region  as  food  for  cattle.  Thei-e  arc  also  improved 
varieties,  which  arc  used  in  some  countries  as  human  food.  The 
carob  fiourishes  througliout  the  coast  region  of  Algeria.  Kuropean 
colonists  have  not  given  it  nmch  attention,  but,  especially  in  moun- 
tainous districts,  it  is  much  valued  by  the  natives,  who  not  only  plant 
orchards  of  carobs,  but,  with^a  little  care,  succeed  in  obtaining  goiMl 
yields  from  wild  trees.  From  (iougie,  the  seapoit  of  Kabylia,  consid- 
erable quantities  of  the  jmds  are  exported  to  Europe. 

The  best  results  are  obtained  l)y  top-grafting  scions  of  improved 
races  upon  seedling  trees.  The  pollen  is  borne  upon  separate  indi- 
viduals, so  that  care  must  be  taken  to  have  male  trees  in  every  plan- 
tation. The  largest  yields  are  obtained  by  following  the  Spanish 
practice  of  grafting  a  branch  from  a  male  tree  ui>on  the  base  of  the 
trunk  of  a  fruiting  individual.  The  establishment  of  a  plantation  of 
carobs  is  therefore  a  somewhat  troublesome  undertaking.     After  six 
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years  the  trees,  as  a  rule,  begin  to  bear  fairly  well.  In  fifteen  or 
twenty  j'ears  they  are  in  full  production,  single  trees  of  that  age 
rionietiiiies  yielding  t>5il  pounds  of  pods.  In  some  races  the  pods  are 
HI  inches  long,  their  sugar  content  sometimes  rea<'hing  44  per  cent. 

The  harve:jt  takes  place  at  the  beginning  of  autumn.  I'oles  are  ui>ed 
to  knock  down  the  pods,  which  iire  spread  out  to  dry  in  the  nhade. 
When  thoroughly  cured  they  are  collected  into  stacks,  which  must  be 
o[>ened  from  time  to  time  to  prevent  fermentation.  Oarobs  after 
being  crushed  and  mixed  with  coarser  iodder  constitute  a  very  pala- 
table and  nourishing  ration  for  live  stock,  especially  for  work  animali^. 

Indian  ji(j. — The  Indian  fig,  or  prickly  pear,  {Opuntia  ficns-indica 
and  O.  tuna)  is  thoroughly  at  home  in  the  coa.st  region  of  Algena, 
where  it  frequently  attains  the  size  of  a  small  tree.  Spineless  varie- 
ties are  a  valuable  resource  for  feeding  live  stock  in  summer,  when 
green  forage  is  generally  scarce. 

The  Indian  fig  will  grow  in  the  stoniest,  most  sterile  soils,  and 
under  such  conditions  will  produce  from  9  to  11  tons  of  green  forage 
every  two  j'eare.  In  good  land  still  larger  yields  are  obtained.  This 
plant  responds  well  to  manuring  and  to  a  moderate  amount  of  irriga- 
tion. 

The  feeding  value  of  the  large  flattened  joints  of  the  stem  is  not 
great,  aliout  65  i>er  centof  their  weight  being  water.  For  this  very 
i-eason,  however,  they  form  an  excellent  i-ation,  especially  for  milch 
cows,  when  mixed,  with  dry  feed,  such  iis  chopped  straw,  bran,  oil 
cake,  and  the  pods  of  the  carob  tree.  A  little  salt  is  often  added  to 
the  mixture.  (Jrandeau,  the  well-known  agronomist,  speaks  of  the 
Indian  fig  as  the  "forage  l)eet  of  warm  regions."  It  is  estimatedthat 
75  pounds  of  the  stems,  together  with  an  equal  weight  of  straw,  lire 
equivalent  in  feeding  value  to  lOu  pounds  of  good  hay.  Hogs  are 
extremely  fond  of  the  fruits. 

HISCELLAHEOnS  CS0P8. 


Tobacco  has  long  been  cultivated  in  Algena,  where  oriental  typos 
were  grown  by  the  natives  before  the  French  occupation.  The  fii'st 
colonists  introduced  a  considerable  numl>er  of  varieties,  but  only  one 
of  these,  l>elieved  to  bo  derived  from  Paraguay  totmcco,  is  now  exten- 
sively grown.  The  area  annually  planted  to  tobacco  amounts  at 
present  to  only  1'2,000  to  l.'),l>00  acres,  most  of  which  is  in  the  Depart- 
ment of  Algiers.  The  colony  is  said  to  produce  each  year  from  11  to 
13  million  pounds  of  tobacco.  This  would  mean  an  average  yield  per 
acre  of  8H8  ]>ounds,  which  is  much  higher  than  the  average  in  most 
tobacco-growing  countnes.  The  yield  from  irrigated  is  said  to  be 
about  double  that  froui  unirrigated  land. 
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Thr,  quality  of  tlic  product  depends  largely  upon  the  locality.  Some 
of  the  best  Algerian  tobaci.'0  U  gi-own  in  the  Kabyle  mountain  dis- 
trict, where  the  soils  seem  to  l>e  pe<'iiliarly  well  adapted  to  this  crop. 
Shich  of  the  product  of  western  Algeria  is  defective  in  combustibility, 
being  grown  in  saline  land,  where  it  absorbs  considerable  salt.  Soile: 
containing  more  tlian  1  part  per  1,000 of  sodium  chlorid  are  considered 
unsuitable  for  tobaico.  Excessive  irrigation  also  injures  the  quality, 
although  increasing  the  yield,  of  much  of  the  tobacco  grown  in  that 
part  of  the  colony.  The  tincftt  tobacco  is  generally  grown  without 
irrigation.  In  the  oases  of  the  Sahara,  snuff  tobacco  is  cultivated  by 
the  natives. 

The  type  of  tobatico  ordinarily  grown  in  the  colony  baa  a  wide,  very 
compact  flower  cluster  and  crowded  narrow  leaves.  Plants  of  this 
type  are  thought  to  suffer  less  from  wind  than  broader  leaved  forms. 
For  several  years  the  Iwtanical  service  of  the  colony  has  l>een  carrying 
on  experiments  in  crossing  various  high-grade  foreign  tobaccos  with 
this  Algerian  type.  It  has  been  found  that  while  most  of  the  uncrossed 
foreign  varieties  are  not  well  adapted  to  Algerian  conditions,  the 
crasses  seem  almost  as  much  at  home  as  the  Algerian  parent,  and 
often  retain  the  desirahle  qualities  of  the  imported  vainety. 

The  l>eKt  Algerian  tol>acco  has  an  agreeable,  sweet  aroma,  suggest- 
ing that  of  some  Turkish  varieties.  It  is  especially  .suitable  for  cig- 
arettes and  smoking  tobacco,  very  little  lieing  used  iu  the  mauufacture 
of  cigars. 

FIBER   I'LANTS. 

The  production  of  vegetable  fibers  on  a  commercial  scale  is  now 
limited  to  alfa  grass  and  the  dwarf  palm,  the  latter  yielding  "vege- 
table horse  Imir."'  As  neither  of  these  plants  is  cultivated,  they  are 
discu-ssed  in  this  report  under  the  head  of  "  Forest  products." 

Flax,  jute,  hemp,  sisal  hemp,  nianila  hemp,  and  ramie  liave  all  been 
tried  from  time  to  time,  but  the  cultivation  of  none  of  these  fiber  plants 
has  passed  the  experimental  stage.  The  scarcity  of  water  in  summer 
is  geiierally  the  most  serious  obstacle,  but  there  are  also  other  practical 
difficulties.  The  Algerian  government  is  now  offering  a  bounty  to 
growers  of  flax  and  lieuip.  Cotton  gi-owing  was  an  itiiporbmt  industry 
during  the  American  civil  war,  but  has  since  been  aliandoned. 

PKHFUMK    PLANTS. 

In  the  coast  region,  particularly  in  the  littoral  zone,  the  growing  of 
plants  used  in  the  manufacture  of  pei-fumery  is  one  of  the  most  impor- 
ttmt  of  the  minor  agricultural  indu-stries. 

The  principal  perfume  plant  of  the  colony  is  the  rose  geranium. 
It  is  propagated  by  cuttings,  which  are  set  out  in  December  or  Janu- 
ary. Plantations,  once  established,  continue  to  yield  profitable  cropet 
for  f  i-om  four  to  eight  years,  those  in  heavier  soils  being  the  more  laat- 
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ing.  Under  irrigation  three  rrops  can  be  obtained  each  year,  and  the 
average  total  yield  from  an  acre  i«  said  to  be  about  13  tona  of  leaves 
annually.  The  oil  produced  in  one  year  by  an  acre  of  rose  geranium 
i»  estimated  to  average  al>out  25  pounds,  but  in  rare  caKe.s  Ih  as  high  as 
50  pounds.  Some  Algerian  distilleries  have  an  annual  output  of  i 
tons  of  oil  of  geraniiun.  In  recent  years  the  fall  in  price  of  this  per- 
fume has  caused  the  acreage  in  rose  geranium  to  be  greatly  reduced. 
Among  plants  grown  for  the  perfume  obtained  fi-om  their  flowers 
are  Aexu;ia  fariieslana  and  the  bitter  orange  (bigarade).  The  latter 
yields  orange-flower  water  and  "  Essence  de  N^roli,"  The  leaves  of 
Eucalyptus  globulus  ox^aXaoamA  to  some  extent  in  making  perfumery. 

LIVE  STOCK. 

The  live-stock  industry  is  very  largely  in  the  hands  of  the  Arabs. 
They  ralise  practically  all  the  sheep,  goat^,  camels,  horses,  and  donkej-s, 
and  much  the  greater  number  of  the  cattle  of  Algeria.  The  colonists 
usually  buy  from  the  natives  the  beef  cattle  which  they  fatten,  and 
also  their  work  animals.  The  natural  forage  of  the  country  is,  as  has 
been  previously  stated,  the  principal  resource  of  the  raiser  of  live 
stock,  cultivated  forage  plants  playing  an  important  part  only  in  irri- 
gated districts  of  the  coast  region.  There  the  business  of  fattening 
cattle  that  have  l>een  raised  on  the  wild  forage  of  the  hillsides  and 
steppes'has  attained  some  imporUiuco. 

The  high  plateau  region,  like  manj'  di.stricts  in  the  western  part  of 
the  United  States,  is  for  the  most  part  a  "range,"  where  animals  are 
driven  from  place  to  place  and  pastured  upon  the  natural  herbage. 
Sheep  and  goats  in  vast  numbers — about  three-fifths  of  the  total  num- 
ber in  the  colony — graze  on  the  elevated  plains.  Cattle,  however,  are 
few.  The  flocks  are  the  property  of  nomadic  Arabu,  Europeans  hav- 
ing taken  no  part  in  the  pastoral  sj'stem  of  the  steppe  region,  except 
in  so  far  as  to  purchase  the  product.  The  conditions  as  to  climate  and 
food  supply  are  often  severe.  In  summer  the  herbage,  except  in  moist 
depressions,  is  parched  and  brown,  and  water  is  very  scarce,  while  the 
winters  are  ngorous.  As  yet,  little  has  been  done  in  the  way  of  pro- 
viding shelter  and  artiBcial  sources  of  water  for  animals  pastured  on 
the  high  plateau. 

Sheep  and  goats  furnish  the  inhabitants  of  the  high  plateau  region 
with  almost  everything  they  use.  affording  skins  for  their  tents  and 
ves.-*eis  for  holding  water,  wool  and  leather  for  their  ch»thing,  and  meat 
and  milk  for  their  food.  Goats  are  raised  chiefly  to  supply  the  neces- 
sities of  the  natives,  although  their  skins  are  exported  in  considerable 
quantity.  Sheep,  on  the  other  hand,  furnish  a  very  important  export 
trade  in  meat,  hides,  and  wool.  It  is  estimateil  that  between  (J  and 
10  million  sheep  and  Sj  million  goats  are  annually  pastured  upon  the 
elevated  plains  of  Algeiia. 
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The  greater  number  of  the  cattle  raised  iq  Algeria  belong  to  a  well- 
marked  North  African  type — perhaps  a  subtype  of  the  Spaiiisb  oattle— 
of  which  various  races  are  distinguished.  The  betit  defined  of  these 
are  the  Ouelma  and  the  Moroccan  races.  They  are  rather  small  in 
size  and  of  good  shape,  with  rather  long  body,  full  flanks,  large,  well- 
fonned  chest,  rather  small  belly,  and  erect,  curved  horns.  In  color 
they  are  usually  dark,  having  black  head  and  legs  and  dark  gray, 
fawn-colored,  or  red  back  and  flanks.  They  »rn  hardy  animals,  habit- 
uated to  the  severe  conditions  under  which  they  ordinarily  live. 
Owing  to  the  email  amount  of  food  obtainable  during  the  long,  dr>' 
summer  they  are  small  and  slow  in  maturing,  requiring  usually  six 
year.s  to  reach  full  development  In  spring,  when  the  natural  pastur- 
age is  abundant,  and  at  other  seasons,  if  supplied  with  cultivat4>d 
forage,  they  fatten  rapidly.  If  given  plenty  of  gi-een  forage  and  a 
small  amount  of  grain,  a  steer  can  usually  put  on  400  pounds  of  meat' 
withoutdifficulty.  When  well  treated,  Algerian  cattle  make  excellent 
work  animals,  but  the  cows  are  generally  poor  milkers. 

Cattle  are  purchased  from  the  Arabs  for  fattening,  usually  in  the 
late  summer  or  early  autumn,  and  at  a  price  of  JO  to  $13  per  head. 
They  are  pastured  during  late  autumn  and  winter  on  uncleared  land  or 
fallow  grain  fields.  At  the  beginning  of  spring  they  are  usually  very 
thin,  but  fatten  rapidly  from  that  time  on.  After  three  montli:<  of 
spring  pastiir^e  they  often  weigh  enough  to  be  sent  to  the  butcher. 
A  large  numbei*  go  to  the  markets  of  the  colony,  but  there  is  also  a 
considerable  export  of  live  cattle.  At  Marseille,  Algerian  cattle  sell 
on  the  hoof  at  the  rate  of  $0.50  to  $10.50  per  100  pounds.  At  this 
price  there  is  a  good  profit  in  cattle  fattened  in  the  pasture,  but  hot 
when  fattened  in  the  stable. 

Improved  European  races  of  cattle  ai'e  not  generally  adapted  to  the 
trying  chmatic  conditions  of  Algeria;  nor  can  they,  like  the  native 
cattle,  endure  well  the  periods  of  scanty  food  .supply  that  the.se  condi- 
tions impose.  Only  in  the  restrict«d  areas,  where  irrigation  allows  of 
the  constant  production  of  forage  of  good  quality,  is  anything  to  l>e 
expected  from  the  introduction  of  foreign  breeds.  In  such  localities 
cro3.sing  high-bred  races  with  the  hardy  Algerian  cattle  may  prove 
advantageous  in  increasing  the  milk  and  beef  producing  capabilities 
of  the  latter. 


It  is  estimated  that  there  are  210,000  horses  in  Algeria,  four-fifths 
of  which  are  the  property  of  natives.  Algerian  horses  belong  to  the 
African  type,  with  an  admixture  of  Arabian  blood.  In  its  most 
typical  form  the  horse  of  Algeria  is  rather  small  and  light,  but  is  very 
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hardy  and  capable  of  much  work.    The  Ai'&bs  generally  use  horses  to 
di-aw  theii'  plowis. 

The  eastern  pait  of  the  high  plateau  region  is  the  center  of  horse 
breeding  in  Algeria.  The  Arabs  of  the  Sahara  obtain  almost  all  their 
liorsetj  from  that  district.  The  industry  of  raising  horses  i.s,  however, 
on  the  decline,  the  prices  brought  by  good  animaU  having  fallen  100 
[>er  cent  or  more  in  the  past  ten  or  fifteen  years.  A  mare  of  good 
pedigree  and  known  for  the  excellence  of  her  progeny  can  now  be 
l>ought  for  about  $150.  The  increawing  popularity  of  the  mule  an  a 
work  animal,  both  among  native^)  and  P^uropeans,  is  partly  responsible 
for  this  state  of  affaii's. 

D0NZET8. 

There  are  some  275,000  donkeys  in  Algeria,  almost  all  of  which 
are  the  property  of  natives.  In  the  coast  r^on  tliey  have  largely 
replaced  the  camel  as  a  beast  of  burden,  although  the  latter  still 
retains  its  usefulneaw  in  the  high  plateau  and  desert  regions.  Wher- 
ever the  use  of  wagons  for  transpoi'tation  is  precluded  by  the  lack  of 
good  roads  the  donkey  is  employed. 


Of  the  150,000  mules  that  existed  in  Algeria  in  1900,  less  than  one- 
fifth  belonged  to  Europeans.  The  high  plateau  region,  around  Bt^tif 
and  Constantine,  produces  the  best  mules  of  the  colony.  Mules  are 
used  by  European  fanners  to  draw  their  wagons  and  plows,  and  by 
the  natives  for  riding  and  for  carrying  loads.  A  hardier  and  more 
robust  animal  is  obtained  if  the,  donkey  parent  is  of  Algerian  rather 
than  of  European  origin. 

CAMELS. 

It  is  the  one-humped  Ai-abian  camel,  or  dromedary,  that  is  common 
in  Algeria.  The  Mehari  race  of  the  dromedary  is  especially  adapted 
to  travel  in  the  Sahara,  making,  without  difficulty,  marches  of  70 
miles  a  day  for  several  succcsMive  days.  Camels  are,  of  course,  well 
known  for  their  endurance,  getting  along  for  considerable  periods 
without  food  or  water.  They  (-an  carry  for  long  distances  loads 
weighing  ii(K)  [tounds  and  more.  (.lamels  are  raised  and  are  used  only 
bj'  the  Arabs.  A  good  animal  will  sometimes  bring  $60.  In  agricul- 
tural work  the  camel  is  of  practically  no  imt>ortance,  except  as  a  means 
of  transportation. 


In  is  estimated  that  in  ordinary  years  the  flocks  of  the  colony  repre- 
sent a  total  value  of  $28,500,0<W,  which  is  almost  wholly  the  property 
of  natives. 
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Three  principnt  i-aces  of  nntive  sheep  are  distinguished  in  Algeria — 
the  Kabyle,  or  IJerlxr,  which  Is  peculiar  to  the  mountain  region;  the 
Barbary, a  large-tailed  race,  which  is  most  common  in  eastern  Algeria; 
and,  lH.'Mt  of  the  three,  the  Arab,  which  is  rapidly  supplanting  the 
others.  The  Arab  race  is  thatwhlcli  is  usually  found  in  the  large  \'al- 
leys  and  plains  of  the  coa^^t  region  and  also  in  the  high  plateau  region. 
The  small,  slender  (ail  is  a  distinguishing  mark  of  this  race.  The  head 
is  sometimes  brown  or  black  and  sometimes  white,  the  white-headed 
tyi)e  Ijeing  the  tinest  of  Algerian  sheep.  The  short,  dense,  more  or 
less  curl^',  rather  fine  fleece  of  the  Anib  sheep  is  in  marked  contrast  to 
the  long,  atraight,  foarse  wool,  resembling  goat  hair,  with  which  the 
Kabyle  sheep  is  covered.  The  best  quality  of  wool  is  produced  \o  the 
larger  valleys  of  the  coast  region. 

The  colonists  formerly  purchased  from  the  natives  nearly  all  the 
sheep  they  fattened.  There  is  a  growing  tendency,  however,  to  raise 
sheep  on  the  farms  of  the  coast  region.  Sheep  that  are  bred  where 
they  are  fattened  ai-e  found  to  give  when  only  14  months  old  from  6i 
to  it  pounds  more,  meat  than  yj-year-old  sheep  that  have  been  pur- 
chased from  native  shepherds. 

The  white-headed  Arab  type  of  Algerian  sheep  shows  an  approach 
1(1  the  Meiino,  Crossing  with  the  latter  race  is  found  to  gi%'e  a  supe- 
rior animal,  which  produces  not  only  more  meat,  but  wool  that  is  bet- 
ter in  qualitj'  and  about  50  per  cent  greater  in  quantity.  Careful 
selection  among  the  mixed  native  i-aces  can  also  be  counted  upon  to 
enhance  greatly  the  value  of  the  meat  and  wool  produced  by  Algerian 
flocks. 

OOATS, 

The  natives  usually  pasture  goats  together  with  sheep  and  cattle? 
but  this  is  from  every  [wint  of  view  a  l>ad  practice.  Except  for  their 
large  milk  production,  goats  are  not  held  in  much  esteem  among  the 
European  colonists.  To  the  natives,  however,  their  skins,  hair,  and 
meat  are  invaluable.  The  fact  that  they  can  pick  up  a  living  in  places 
where  cattle  or  even  sheep  can  not  obtain  sufficient  food  is  a  strong  point 
in  their  favor.  Two  races  occur  in  Algeria — the  Kabvle  goat,  with 
long  hair  and  horns,  and  the  hornless  Arab  race,  which  gives  more 
milk. 

FOBESTBY. 
GEHEBAL  CONDITIONS. 

According  to  official  estimates  there  are  alxiut  8,000,000  acre,-*  of 
forest  land  in  Algeria,  of  which  about  60  percent  belongs  to  the  coa-^it 
region,  or  Tell.  The  term  "forest  land"  is  used,  however,  in  its 
widest  sense,  land  bearing  a  shrubby  growth  of  lentisk,  dwarf  oak, 
olive,  myrtle,  dwarf  palm,  etc.,  such  as  occupies  vast  eximnses  in  the 
coast  region,  being  included.     The  steppes  of  the  high  plateau  region. 
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which  are  covered  with  coarse  gi-asses  and  herbs,  possess  no  forest  in 
the  strict  sense  of  the  word.  Only  here  and  there,  in  depressions, 
struggling  shrubs  and  small  trees  of  betoom  (Pistacia  atlaniica)  and  of 
juniper  are  found.  Yet  considerable  areas  of  this  character  are  offi- 
cially de.signated  as  ''forest."  In  the  desert  region,  except  on  the 
highest  mountains,  nothing  resembling  a  forest  occurs,  the  native 
vegetation  being  limited  to  scattered  shrubs  tmd  coarse  gnutse^,  with 
an  ephemeral  growth  of  small  herbs  that  spring  up  after  the  infi'e- 
(juent  showers.  The  true  natural  forest  is  confined  almost  wholly  to 
the  mountains,  especially  those  of  the  coast  region  and  of  the  eastern 
part  of  the  high  plateau. 

The  forestK  of  the  colonj'  are  of  various  types,  which  owe  their  char- 
acteristics not  only  to  natural  conditions  of  climate  and  of  soil,  but 
al.so  to  the  direct  or  indirect  agency  of  man.  In  many  localities  only 
scattered  old  trees  remain,  the  intervening  spaces  being  occupied  by 
brush  or  by  a  carpet  of  grass.  Sometimes  there  is  almost  no  vegeta- 
tion except  an  occasional  tree,  and  in  such  land  active  erosion  takes 
place.  This  condition  has  probably  been  brought  al)Out  for  the  most 
part  by  reckless  exploitation  or  by  fires  which  are  often  kindled  by 
the  natives  in  order  to  provide  their  floc^ks  with  the  more  abundant 
IMisturage  that  springs  up  afterwards.  The  admission  of  flocks  into 
(lie  public  forest  reserves  is  frequently  a  cause  of  the  rapid  disappear- 
ance of  the  yoimg  trees,  especially  when  gouts  are  pastured  among 
them.  On  the  other  hand,  particularly  at  high  elevations  in  the  moun- 
tains, there  are  dense  forests  where  the  trees  reproduce  themselves 
freely;  but  this  type  is  the  exception  rather  than  the  rule. 

The  forests  also  differ  in  the  diversity  of  species  composing  them. 
Sometimes  large  areas,  especially  at  the  higher  elevations,  are  occu- 
pied almost  solely  by  a  single  species.  Sometimes  while  one  kind 
of  tree  predominates,  otheis  are  present  in  smaller  numbers.  Less 
often  sevei-al  species  are  mingled  together  In  nearly  equal  proportion, 
forests  of  this  type  being  most  frequent  in  the  littoral  zone. 

The  composition  of  Algerian  forests  as  to  species  depends  upon 
climatic  and  soil  conditions,  and  upon  the  altitude.  Well-detincHl 
zon&s,  eat^h  characterized  by  some  one  pi-edominant  species,  succeed 
each  other  at  different  elevations  in  the  mountains.  From  sea  level 
up  to  about  2,500  feet,  cork  oak,  olive,  and  Aleppo  pine  are  the  prin- 
cipal elements,  the  last  l)eing  the  most  widely  distributed  tree  in  the 
colony.  Here  the  forest  is  most  apt  to  he  mixed  with  a  shrnbby 
growth,  made  up  of  various  species  characteristic  of  the  so-called 
"maquis"  of  the  Mediterranean  region. 

From  2,500  to  4,000  feet,  Qiu.i-c>is  haUota,  a  kind  of  live  oak,  oft«n 
predominates.  The  sweet  acoriLS  of  this  tree  are  much  relished  by 
the  Kabyles,  who  make  a  practice  of  selecting  and  preserving  such 
individual  trees  as  bear  the  best  nuts. 
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Between  3,500  and  6,000  feet,  the  handsome  Zen  oak  {Qttercua 
hisitanica  var.)  forms  heavy  forests  of  good-sized  trees,  usually  50  to 
70  feet  high.  In  one  locality  Zen  oak  covers  an  area  of  10),000 
acres. 

Finally,  at  elevations  of  4,000  to  6,000  feet,  occur  ma^fnificent  for- 
ests of  Atlas  cedar,  a  short-leaved  variety  of  the  cedar  of  Lebanon. 
The  total  area  occupied  by  this  tree  approximates  90,000  acres.  It 
usually  forms  an  open  forest,  the  trfees  being  separated  by  expanses 
of  giii-ss  land  and  low  brush.  Unfortunately,  this  superb  tree  shows 
very  little  tendency  to  reproduce  itself.  The  Atlas  cedar  lives  to  a, 
very  great  age.  Individual  trees  of  unusual  size,  distinguished,  llfce 
some  of  the  "big  trees"  of  the  Sierra  Nevada,  by  particular  names, 
are  made  the  goals  of  pilgrimage.ii  by  tourists. 

Besides  the  species  already  enumerated,  the  following  are  note- 
worthy, either  for  their  abundance  or  their  economic  value:  Ash 
{Fraxhius  JcobyUca),  arbor  vitse  {Callitris  quadrivalvi»\  juniper 
{•/imtperu^  oxycednui  and  J.  phcenicea),  and  fir  {Ahien  nujiiidicti). 
The  chestnut,  almond,  cherry,  fig,  and  carob  are  all  represented  in 
the  mountains  of  Algeria  by  wild  forms. 

Especially  in  the  large  valley.s  of  the  coast  region,  such  as  the  Habra, 
Ch^liff,  and  Mitidja,  the  planting  of  trees  to  furnish  timber  for  oou: 
struction  and  firewood,  as  well  as  for  shade  and  protection  against 
winds,  has  been  extensively  practiced.  Species  of  Eucalyptus,  nota- 
bly E.  gJiihilus  (blue  gum)  and  ?;".  rosirata  (red  gum),  are  most  used. 
The  latter  has  proved  to  be  the  better  adapted  to  Algerian  conditions, 
and  is  now  rapidly  replacing  the  blue  gum.  Evcalyptua  robuvtw  and, 
to  a  lesser  degree,  E.  occidotta/tH  are  said  to  be  the  species  that  suc- 
ceed best  in  saline  soils.  The  colonists  began  in  1860  to  plant  Euca- 
lyptus in  large  numbers,  but  when  it  became  apparent  that  the  value 
of  the  wood  for  building  purposes  had  been  overestimated,  these  trees 
somewhat  declined  in  favor.  Nowadays,  however,  their  utility  in 
other  renpects  is  generally  appreciated. 

A  large  part  of  the  forest  land  of  Algeria,  including  vast  areas  cov- 
ered with  brush  and  gi-asses,  as  well  as  much  true  forest,  is  owned  by 
the  government.  A  code  of  forest  laws  modeled  upon  those  of  France 
governs  their  administration.  The  penalties  gainst  starting  forest 
fires  are  very  severe,  but  are  difficult  to  enforce,  because  of  the  moun- 
tainous character  of  much  of  the  country,  the  frequent  absence  of 
facilities  for  travel,  and  the  active  or  passive  opposition  of  the  Arab 
population,  which  is  largely  devoted  to  raising  live  stock.  It  has  been 
necessary  to  open  much  of  the  public  domain  to  flocks  owned  by  the 
natives.  Although  regulations  have  been  established  which,  if  strictly 
enforced,  would  prevent  serious  daniage  from  this  cause,  as  a  matter  of 
fact  the  forests  often  suffer  severely.    But  in  some  areas,  where  it  has 
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been  posaible  to  prevent  grazing  during  longer  or  shorter  periods, 
considerable  reforestation  ha«  taken  place. 

Forest  land  belonging  to  the  government,  particularly  such  as  bears 
a  growth  of  cork  oak  or  of  alfa,  is  often  leased  for  a  nominal  rental  to 
companies  or  to  individuals  who  exploit  these  products.  Some  of 
the  most  valuable  forested  areas  are  the  private  property  either  of 
Europeans  or  of  natives. 

F0BE8T  PBODVOTB. 

Following  the  loose  application  of  the  term  "forest"  that  prevails 
in  Algeria,  there  will  be  discussed  under  this  head  commercial  products 
that  are  furnished  not  only  by  trees,  but  also  by  the  grass  known  as  alfa, 
and  by  the  dwarf  palm.  As  a  justification  for  this  arrangement,  it 
should  be  stated  that  both  of  these  plants  occupy  extensive  areas  which 
are  officially  designated  as  forest  land,  and  that  neither  of  them  is  ever 
cultivated. 

FUEL. 

Most  of  the  trees — and  many  of  the  shrubs — native  in  Algeria 
supply  the  inhabitants  with  tirewood  and  with  charcoal,  which,  as  in 
ail  Mediterranean  countries,  is  much  used  for  fuel.  The  expense  of 
■"clearing  land  is  often  partly  met  by  the  sale  of  the  firewood  and 
charcoal  obtained  in  the  process.  In  some  of  the  large  valleys  of  the 
coast  r^ion,  where  there  is  little  natural  tree  growth,  plantations  of 
eucalyptus  are  useful  as  a  source  of  fuel. 


Most  of  the  wood  for  construction  used  in  Algeria  is  imported  from 
northern  Europe  and  from  Austria,  the  natural  resources  of  the  colony 
in  this  respect  having  been  little  developed.  Probably  this  is  partly 
due  to  the  scarcity  of  water  and  the  conscquentabsence  of  large  perennial 
streams,  which  render  difficult  and  expensive  the  transportation  of 
logs  from  the  mountains.  Artificial  plantations  have  been  of  little 
value  as  a  source  of  building  timber,  eucalyptus  wood  particularly 
being  deficient  in  durability. 

Some  of  the  native  timber  trees  promise  well,  and  may  some  day 
come  into  extensive  use.  Live  oak  (Quercus  hallota)  and  Zen  oak  {Q. 
lusitanlca)  furnish  an  exceedingly  hard  wood  that  is  somewhat  difficult 
to  work.  Wood  of  the  Zen  oak  is  particularly  valuable  for  making 
brandy  casks.  The  extremely  .durable  wood  of  the  Atlas  cedar  is 
excellent  for  railway  ties,  and  is  sometimes  used  in  cabinetmaking, 
its  pleasant  odor  enhancing  its  value  for  the  latter  purpose.  Long 
immersion  in  water  renders  it  almost  indestructible.  Arbor  vitte  has 
a  beautifully  colored  wood,  variegated  with  numerous  knots,  and  is 
highly  esteemed  by  cabinetmakers. 
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The  total  area  occ:upied  by  the  <'ork  oak  in  Algeria  is  estimated  at 
1,IJ25,()IM»  acres,  of  which  725,(XJO  acres  are  being  exploited  at  the 
present  time.  AI>out  60  per  cent  of  the  entire  area  belongs  to  the 
public  doniain.  The  total  production  of  cork  in  1899  amounted  to 
15,900  tons.  It  is  estimated  that  if  all  the  cork  oak  of  the  colony 
were  in  a  productive  state  an  annual  revenue  of  from  $2,000,000  to 
$4,00(1,000  could  be  derived  from  this  source. 

The  cork  oak  ranges  from  sea  level  up  to  about  4,500  feet,  the  lai^jest 
forcHts  Ijeing  found  in  the  mountains  of  the  coast  region  in  north- 
eastern  Algeria,  the  western  part  of  the  colony  being  generally  too  dry 
f(»r  this  tree.  It  avoids  limestone,  attaining  its  highest  development 
on  .'ioils  derived  from  the  Nuniidian  sandstone,  where  these  soils  are 
underlain  by  a  subsoil  heavy  enough  to  retain  considei-ahle  water. 

The  tree  is  usually  of  medium  height  and  size,  but  its  trunk  aome- 
tinios  reaches  a  circumference  of  more  than  -30  feet.  The  largest 
individuals  are  invariably  hollow.  The  crooked  trunk  and  irregidar 
bmnching  give  this  tree  an  unkempt,  stniggling  appearance.  The 
evergi-een  folii^fe  I'csembles  that  of  the  live  oak  of  the  Southern 
States.  The  wood  is  of  little  value,  the  important  products  of  this 
tree  being  cork  and  tan  bark. 

Well-managed  forests  of  cork  oak  are  kept  free  from  undei^rowth, 
thus  diminishing  the  likelihood  of  loss  from  fire,  to  which  they  are 
peculiarly  liable.  The  danger  is  greatest  in  Septemter,  when  the 
sirocco  is  blowing.  Fires  are  oft«n  wantonly  kindled  in  the  oak  for- 
ests by  lualcontent  natives  and  spread  with  terrible  rapidity,  fre- 
quently devastating  vast  areas.  Only  natural  forests  are  exploited  in 
Algeria,  no  attempt  ever  having  been  made  to  establish  artificial 
plantations. 

In  bringing  a  forest  of  cork  oak  into  eondition  for  exploitation  the 
first  step  is  to  remove  the  laj'er  of  old  or  "male"'  cork  which  forms 
under  natural  conditions.  This  operation,  which  re»iuires  considerable 
skill,  is  performed  in  the  spring  when  the  sap  is  beginning  to  ri.se. 
The  sultecquent  yield  depends  largely  upon  the  way  in  which  this  work 
of  ' ^ demasclage "  is  done.  It  is  advisable  to  put  back  into  place  the 
layer  thu.s  removed,  fastening  it  around  the  trunk  by  means  of  win^ 
and  leaving  it  there  for  about  two  years;  otherwise  the  trees  are 
very  liable  to  injury  from  dry,  hot  winds  and  from  fire.  Wrapping 
the  ti-ees  in  this  way  also  prevents  a  second  development  of  the  worth- 
less male  cork. 

The  new  cork  which  now  begins  to  form  is  alone  of  commercial 
value.  It  is  deposited  at  the  rate  of  from  0.04  to  0.12  inch  annually, 
and  the  first  harvest  is  taken  when  the  layer  of  cork  has  reached  a 
thickness  of  about  1  inch.     Thereafter  the  cork  is  removed  every 
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eight  or  ten  years,  the  later  cropw  yielding  h  bettei"  product  than  the 
earlier  ones.  The  expense  of  eat^h  harvest  from  a  single  tree  is  about 
2  cents. 

Individual  trees  differ  greatly  in  the  rate  at  which  cork  is  formed. 
As  a  rule,  the  best  product  is  that  which  develops  most  slowly.  Rap- 
idly growing  cork  is  more  abundantly  veined  with  loose  tis.-iue,  which 
diminishes  it-^  value.  The  cork  is  .sometimes  .seriously  injured  on  the 
tree  by  the  ravages  of  ants,  which  build  galleries  in  it.  The  tree  has 
also  other  insect  enemies. 

The  cork,  when  cut,  rolls  up  into  tubes  of  the  size  of  the  trunk  from 
which  it  was  taken.  It  Is  first  pressed  out  into  sheets,  then  boiled, 
and  finally  the  crustof  bark  is  removed  by  scraping.  I^nling  increases 
the  bulk  by  alwjut  one-fifth  and  renders  the  cork  more  elastic. 

An  acre  of  cork  oak  in  full  production  yields  a  net  annual  revenue  of 
ai>out  P2.  The  product  from  a  single  tree  is  worth  f i-oni  4  to  U)  cents 
a  year  after  all  expenses  are  deducted.  Algerian  cork  sells  at  from  3i 
to  10  cents  per  pound. 

TAir  BABS. 

The  forests  of  Algeria  furnish  a  large  amount  of  bark  for  tanning. 
The  annual  export  of  tan  bark,  chiefly  to  Great  Britain  and  Italy, 
amounts  to  about  $^lM),yi)0.  A  considemble  quiintity  is  also  consumed 
in  the  colony  iteelf,  the  manufacture  of  leather  being  an  important 
industry  among  the  natives. 

Most  of  this  bark  is  furnished  by  several  species  of  oak.  The  Ker- 
mes  oak  {Querent  a/vcifera)  ranks  first  in  production,  the  Imrk  of  the 
■  root  being  used.  Theforcstsof  cork  oak,  especially  those  belonging  to 
natives,  also  furnish  a  large  quantity.  The  collection  of  the  liark  is 
generally  done  in  such  a^way  as  to  kill  the  tree,  although  if  pro[)ci' 
precautions  were  observed  the  forests  could  be  exploitwl  for  tan  bark 
without  diminishing  their  production  of  cork.  The  bark  of  this  oak 
yields  about  1!)  per  cent  of  tannin.  A  single  tree  will  furnish  several 
hundred  pounds  of  bark, a  ton  of  which  sells  for  from  $2^.50  to $37,50. 

Various  tannin-producing  plants,  such  as  Austnilian  species  of  acacia, 
which  furnish  the  wattle  bark  of  commerce,  canaigre,  and  the  Valonia 
oak,  have  been  recommended  for  cultivation  in  Algeria,  but  none  of 
these  has  yet  become  of  practical  importance.  In  Tunis  experiments 
ai'e  being  made  by  the  government  in  the  cultivation  of  the  Sicilian 
sumac  (Rhtts  a/riaria),  the  powdered  leaves  of  which  are  a  valuable 
material  for  tanning. 

AlVA, 

The  Arabs  use  the  *ord  "halfa"  in  much  the  same  way  as  the  term 
"bunch  grass"  is  used  in  the  western  United  States  to  designate  any 
coarse,  rush-like  grass  that  grows  in  tufts.     The  "alfa"  of  theKrench 
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colonists  signifies,  however,  only  the  species  known  in  Spain  as 
"esparto"  (5i^;>a  tenacmima).  The  tough,  fibrous  leaves  of  this  grass 
are  used  in  manufacturing  paper,  basket  ware,  hats,  cordage,  etc.  It 
is  a  long-lived  plant,  having  strong,  much  branched  rootstocks,  which 
give  it  a  good  hold  uixin  the  soil.  The  young  plant  forms  a  dense 
tuft,  which  later  takes  the  form  of  a  hollow  circle,  as  the  stems  in  the 
center  die  out.  This  in  turn  becomes  broken  up  into  separate  tnfts, 
each  of  which  is  the  starting  point  of  a  new  circle.  The  leaves  are 
like  those  of  many  other  so-called  "stepije"  grasses,  being  flat  and 
green  during  the  rainy  period,  but  turning  yellowish  white  and  rolling 
up  into  quills  when  the  dry  sca-son  sets  in.  They  average  from  20  to 
30  inches  in  length,  and  end  in  long,  sharp  points.  The  leaves  last 
alwut  two  years.  The  older  ones  are  often  infested  with  fungi,  which 
usually  attack  tirst  tlie  point  of  the  leaf. 

Alfa  grafts  covers  large  areas  in  Spain  and  in  northern  Africa.  In 
Algeria  it  is  most  chai'acteristic  of  the  high  plateau  region,  where  it 
often  occupies,  almost  alone,  enormous  expanses  of  the  undulating 
plains,  forming  the  so-called  "sea  of  alfa."  It  is  not,  however,  con- 
lined  to  the  high  plat«au,  and  even  reaches  the  seashore  in  extreme 
western  Algeria.  It  ascends  in  the  mountains  to  a  maximum  eleva- 
tion of  6,000  feet.  Where  the  avei-agc  annual  rainfall  exceeds  2" 
inches  a  year  alfa  does  not  flourish.  It  prefers  a  dry,  sandy  soil,  and 
will  not  endure  the  presence  of  any  considerable  amount  of  salt.  In 
moist  depressions,  where  the  soil  is  clayey,  other  species  take  its  place. 

It  is  difficult  to  obtain  an  accurate  estimate  of  the  total  area  occupied 
in  Algeria  by  this  grass.  Some  authorities  give  12,500,000  acres  in 
the  high  plateau  region  alone,  but  this  is  doubtless  an  exaggemtion. 
The  alfa  land  of  the  colony  belongs  jjartly  to  the  government  and 
partly  to  individuals  or  private  companies.  The  government  concedes 
the  right  of  exploitation  for  the  modest  sum  of  about  1  cent  per  acre. 
The  holders  of  concessions,  in  their  turn,  usually  sublet  their  rights  to 
a  contractor. 

A  stand  of  alfa  in  its  natural  condition  is  less  valuable  than  one 
from  which  the  leaves  are  regularly  harvested.  In  the  former  case 
there  are  many  more  or  less  worthless  old  leaves  mixed  with  ttio 
young  leaves.  When  the  exploitation  of  a  stand  is  begun  it  is  cus- 
tomary to  burn  it  over  so  as  to  destroy  the  coarse  old  leaves.  There- 
after, if  the  crop  is  harvested  every  season,  only  small,  tine  leaves, 
much  stronger  and  more  uniform  in  length  than  the  older  ones,  are 
obtained.  By  firing  a  tra<-t  repeatedly  for  several  succes.^ive  years 
"white  alfa,"  with  extremely  tine,  flexible,  light-colored  leaves,  is 
produced.  Long-continued  exploitation  of  a  stand,  without  allowing 
it  any  rest,  greatly  weakens  the  plants.  In  fact,  alfa  has  in  this  way 
been  virtually  exterminated  in  some  of  the  moie  accessible  areas. 
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As  attempts  to  form  uitiliciiii  plantations  of  alfa  liavf  not  so  far 
proved  successful,  there  is  danger  of  the  total  annihilation  of  this  indus- 
try, which,  after  stock  raising,  is  the  mainstay  of  the  population  of 
the  high  plateau  region.  To  prevent  this  consummation,  a  closed 
.season  of  four  months  has  l>een  established  ))v  law.  Alfa  can  not  l)e 
legally  harvested  or  purchased  fioin  gatherers  in  the  high  plateau 
i-egion  (hiring  the  months  of  March,  April,  May.  and  June.  In  the 
coast  region  the  closed  .season  extends  from  the  middle  of  January  to 
the  middle  of  May. 

The  contractor  who  undertakes  to  harvest  alfa  puts  nip  a  barn  on 
the  tract  and  secures  Spanish  or  Arab  lahorei's,  whom  he  provides 
with  food  and  water,  to  gather  the  leaves.  Alfa  harvesters  sometimes 
come  long  distances  with  their  families,  attracted  by  the  high  prices 
paid  for  this  work.  A  good  laborer  can  gather,  in  a  day,  Ii51l  to  I'l^Hi 
pounds  of  green  leaves,  for  which  he  is  paid  nowadays  at  the  rate  of 
about  IS  cents  per  100  pounds. 

The  gathering  of  alfa  is  still  done  exactly  us  classical  writers  described 
the  process  in  the  times  of  the  Romans.  The  harvester  starts  out  early 
in  the  morning  and  selects  a  spot  where  there  is  plenty  of  the  grass. 
Fastened  to  his  left  hand  by  a  leather  thong  is  a  stick  about  Iti  inches 
long.  With  his  right  hand  he  seizes  a  cluster  of  the  tough  leaves, 
rolls  them  obliquely  around  the  stick,  and  gives  a  .sti-ong  pull  witli  both 
hands.  This  breaks  off  most  of  the  blade-satthe  point  where  they  join 
the  sheaths,  although  some  of  the  sheaths  generally  come  up  with  the 
blades  and  must  be  broken  otf  by  a  second  pull.  The  leaves  are  jmcked 
as  fast  as  they  are  gathered  into  baskets,  which  are  then  carried  to  the 
Isirii.  The  green  alfa  sent  in  by  each  harvester  is  weighed  and  is  then 
stacked  in  ricks.  When  drj-  it  is  sorted  to  remove  any  sheaths  and 
branches  that  may  still  he  attached  to  the  leaves.  It  is  baled  under  a 
hydraulic  press  and  the  bales  are  secured  with  hoops.  The  product  is 
then  ready  for  ti-ansportation  to  the  nearest  seaport. 

Algeria  now  exjjorts  annually  nearly  sn.uCl(»  tons  of  alfa,  which  is 
approximately  35  per  cent  of  the  entire  output  of  alfa-producing  coun- 
tries. The  total  value  of  the  exjwrt  from  Algeria  is  nearly  Sl,5il0,0mi 
a  year.  England  is  the  largest  imrcbaser,  taking,  indeed,  nearly  'M 
per  cent  of  the  entire  world's  supply  of  alfa.  France  and  Belgium 
also  import  considerable  quantities. 

More  tlian  S*i)  per  cent  of  the  total  amount  of  alfa  produced  is  used 
in  the  manufacture  of  superior  grades  of  paper.  Paper  made  from 
the  leaves  of  alfa  is  strong,  transparent,  of  a  silky  texture,  and  very 
light  in  proportion  to  its  thickness.  It  is  preferred  to  any  other  for 
printing  costly  l)ooks  and  engravings. 

The  best  grades  of  alfa,  however,  are  used  in  making  basket  ware, 
hats,  and  matting,  bringing  a  jtrice  almost  twice  as  great  as  is  paid  for 
28932— Sa  80—05 7 
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that  used  in  paper  maiiiifui-ture.  The  tino.->t  baskets  arc  made  from 
the  "vvhite  uifa."'  Rope,  broonio,  and  other  articles  are  also  uiaau- 
factured  from  the  leaves  of  this  grass. 

OWAAF  FALX. 

The  leaves  of  the  dwarf  palm  {Chamxropa  kyutrix)  are  much  used 
hj  the  Arabs  for  thatching  their  huts,  making  crateft  in  which  fruit  \s 
packed,  etc. ;  but  the  only  product  of  this  plant  which  enters  largely 
into  commerce  is  the  fiber,  wliich  constitutes  about  40  per  cent  of  the 
weight  of  the  fresh  leaves.  Under  the  name  of  ''  vegetable  hair"  thi.-* 
'  fiber  is  exported  in  considerable  quantity.  It  is  used  for  stufEog 
mattresses  and  upholstered  furniture.  A  cheap  grade  of  rope,  selling 
for  alxiut  8')  cents  per  li)i)  pounds,  is  also  made  from  it.  The  dwarf 
palm,  like  alfa.  is  never  cultivated,  only  the  natural  growth  being 
exploited.  While  alfa  is  preeminently'  a  plant  of  the  high  plateau 
the  dwarf  palm  belongs  to  the  coast  region,  where  it  formerly  covered 
vast  expanses.  Although  still  abundant,  this  plant  is  nipidly  disap- 
pearing us  more  and  more  land  is  brought  into  cultivation.  Commer- 
cial exploitation  has  helped  to  accelerate  its  destruction,  there  being 
numerous  factories  in  Algeria  for  separating  the  fiber. 
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I.— Salt  Land,  near  Reuzane,  tN  the  Coast  Reqion  of  Alqeria. 

niid,  (cimii-rly  tiilKviiltil,  L"  now  ccivenil  with  a  growth  o(  i«lt-loving  weeds. 


Fig.  2.— Vineyard  of  Wine  Ghapes  in  the  Mitioja  Plain,  near  Algiers. 
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Fig.  2.— aukali- Resistant  Alfalfa,  near  Temacin,  Algerian  Sahara. 
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PREFACE. 


Ever  aince  the  epoch-making  discovery  of  Charles  Darwin  there  has 
been  a  steadily  increasing  influence  of  the  theory  of  evolution  on  the 
scientific  study  and  practical  utilization  of  the  plants  and  animals  on 
which  agriculture  is  based.  The  present  paper  marka  a  step  in 
the  further  working  out  of  the  doctrine  of  descent,  inasmuch  as  it 
embodies  lesults  of  an  association  of  the  data  won  in  two  very  different 
fields  of  investigation;  one  making  the  cell  its  object  of  study,  the 
other  occupied  with  the  species.  The  results  herewith  presented  open 
new  views  as  to  the  nature  of  higher  animals  and  plants  which  can 
not  fail  to  stimulate  research  and  which  promise  to  have  great 
economic  significance  in  the  determination  of  the  actual  and  latent 
capacities  of  the  organisms  utilized  hy  man. 

A.  F,  Woods, 
Pnthofoglst  and  Physiologist. 
Office  of  Veoetable  Pathological 

AND  Phtsiolooical  Investioations, 

Wa8}dngto7i,  D.  C,  May  8,  1906. 
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EVOLUTION  OF  CELLULAR  STRUCTURES. 


UTTBODUCnON. 

The  valun  of  n  new  point  of  view  lies  in  the  fact  that  it  permits  new 
relations  to  I>e  perceived.  By  meanH  of  the  kinctir  theory  of  evolution 
it  has  become  possible  to  undeMtand  that  organic  development  has 
been  carried  forward  through  gra<lual  improvement  of  the  methods  of 
descent  ratlier  than  by  environmental  causes.  Instead  of  there  being 
a  law  of  heredity  which  tends  to  keep  the  individuals  of  a  species 
uniform,  or  exactly  alike,  the  tendency,  especially  among  higher 
plants  and  animals,  is  to  maintain,  infiidc  the  species,  a  diversity  of 
form  and  structure,  most  conspicuously  manifested  in  the  phenome- 
non of  sex. 

Thin  intraspecific  diversity  is  neither  accidental  nor  incidental,  but 
of  great  physiological  and  evolutionary  importance.  The  interweav- 
ing of  distinct  lines  of  descent  is  ncL-cssary  to  sustain  the  strength  and 
vital  efficiency  of  the  individual  organisms,  and  to  continue  the  evo- 
lutionary progress  by  which  the  species  adapts  itself  to  changing 
environments  or  enters  new  ones.  Interbreeding  is  as  indispensable 
for  the  species  as  for  the  individual,  or  even  more  so,  for  seedless 
plants  continue  their  individual  existences  after  the  coherence  of  the 
specific  group  has  been  lost. 

Normal  and  long-sustained  evolutionary  progress  is  not  accomplished 
on  single  or  narrow  lines  of  descent,  but  is  possible  only  for  large 
companies  of  interbreeding  individuals;  that  is  to  .say,  for  species.  It 
is  thus  no  mere  accident,  but  a  fundamental  necessity,  which  brings 
about  the  association  of  organic  individiwls  into  species  and  determines 
what  might  be  called  the  specific  constitution  of  living  matter. 
Species  are  sexual  phenomena;  they  have  come  where  they  are  only 
through  symbasis;  that  is,  as  "groups  of  interbreeding  individuals, 
traveling  together  along  the  evolutionary  pathway. 

This  interpretation  of  familiar  biological  facts  is  supplemented  and 
confirmed  by  the  study  of  the  processes  of  cell  conjugation,  which  are 
the  means  of  symbasic  interbreeding.  Among  simple  organisms  con- 
jugation is  a  periodical  incident  in  the  multiplication  of  equal  and 
independent  cells.  Higher  stages  of  organization  were  reached  by 
the  production  within  the  same  species  of  many  kinds  of  cells  and  the 
building  of  these  Into  large  colonies  or  compound  individuals.  There 
was,  however,  a  ver^'  early  limit  to  the  structures  which  could  be 
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10  EVOLUTION   OF   CELLULAR   9TRUCTDRE8. 

built  of  the  primitive,  simple  type  of  ceils,  as  illustrated  by  the  fila- 
ment of  the  lower  alga,  the  vegetative  mycelium  of  the  fungus,  and 
the  thalluB  of  the  liverwort.  The  plant  series  would  have  culminated, 
apparently,  with  the  leafy  axis  of  the  moss  if  the  )>Hsi8  of  organiza- 
tion had  not  been  changed  from  the  primary  or  simple  type  of  cells  to 
the  double  or  sexual  type. 

In  undifferentiated  unicellular  or  equal-celled  (isocytic)  organisms 
the  successive  generations  of  cells  may  be  thought  of  as  joined  into  a 
network  by  an  occasional  conjugation.  The  cells  at  the  knots  of  the 
network  are,  as  we  know,  double,  being  formed  from  the  association 
of  two  nuclei  and  the  accompanying  protoplasms.  They  are  often  ' 
strikingly  different  from  the  remainder  of  the  cellular  fabric  of 
descent,  and  have  been  given  special  names,  such  as  oospore,  zygo- 
spore, and  resting  spore.  In  the  first  or  lowest  category  of  sexual 
organismsonly  one  coll  in  each  generation  is  double;  there  is  only  one 
large  bead  at  each  node  of  the  genealogical  network.  (See  PI.  I.) 
A  second  type  of  organic  structure  was  initiated  when  an  organism 
attained  the  art  of  forming  two  or  more  of  these  double  cells  by  divi- 
sion." It  is  of  such  double  cells  that  alt  the  higher  plants  and  animals 
are  built.  The  now  type  of  organization  was  not  merely  supplemen- 
tary to  the  old;  it  was  a  new  biological  invention,  giving  rise  to  a  new 
category  of  vitality,  which  not  only  outstripped  the  old  type  of  struc- 
tural organization,  but  even  caused  it  to  be  abandoned  and  eliminated 
as  a  worse  than  useless  impediment. 

Organisms  which  were  farthest  ahead  on  the  primitive  basis  have 
fallen  far  behind  since  the  new  course  of  development  was  opened. 
In  such  groups  as  the  liverworts,  mosses,  and  ferns  the  diversity  of 
the  two  types  of  organic  structure  is  strikingly  obvious,  and  has 
received  extensive  study  for  yeai-s  past  under  the  name  of  "  alterna- 
tion of  generations."  Ample  homologies  have  been  found  in  the 
highest  groups  of  plants  to  show  that  the  so-called  alteration  of  gen- 
erations was  everywhere  in  ancestral  condition,  and  that  all  have 
followed  essentially  the  same  history  in  having  abandoned  the  simple 
type  of  cell  for  the  double  as  the  basis  of  structural  development, 

"The  t«rniinolo)(y  folio wpii  in  thia  paiwr  prcfuppoBeB  for  convenieaue  theexim- 
eiiee  of  the  cellular  t.vi>e  of  organization  cnmiiion  to  niQat  animals  and  plaots.  The 
concliiBiotia  here  reached  apply  with  equal  force,  however,  to  onianisnis  bucU  as  the 
Infusoria  amoi^  the  protozoa,  the  Sij)hono(:ladiaceie  amonf;  the  algte,  and  tho 
Haprolegniales  and  Mucoralei<  among  th<;  fui^,  in  nil  of  which  groapa  conRidera- 
ble  structural  diffen^ntiatiou  la  attalneil  without  any  division  of  the  orgsniani  into 
cells.  Such  forma  a»  Caulerpa  and  Acetabularia  among  the  Siphonocladiaceie  reach 
a  considerable  size  and  even  show  a  well-marked  differentiation  into  the  analogoe 
of  ^em  and  leaf,  rliiitonie  and  root,  without  the  enormoualy  expanded  tliallus  being 
divided  up  into  cells  at  all,  although  very  numerous  nuclei  arise  by  subdivision  and 
are  scattered  throughout  the  cytoplasm.  These  nuclei  could  be  double,  in  which 
caae  such  plants  would  be  directly  homologous  to  the  double-celled'  organieina 
described  in  the  following  pages. 


idbjGooglc 


iNTRoDtTOTiorr.  1 1 

That  these  <onverjfiii^  data  pointed  to  Homcthing  of  fundamental 
evoiutionarysifjnilicanie  has  I>een confidently  l>elieved  since  the  publi- 
cation a  decade  ago  of  Sti-ashurger's  epoch-making  e»say  entitled  "The 
Periodic  Reduction  of  the  Number  of  the  Chromosomes  in  the  Life- 
History  of  Living  Organisms,""  but  a  new  evolutionary  standpoint 
was  required  before  the  larger  import  of  the  facUt  could  be  perceived. 
The  reduction  of .  chromouomes  is  indeed  a  striking  and  unique  phe- 
nouienon  in  the  life  history  of  organisms,  and  it  naturally  became  the 
focus  of  interest  in  the  rapidly  developing  science  of  cytology.  A 
new  point  of  view  was  the  more  necessary,  however,  because  of  an 
unfortunate  choice  of  terms  which  has  undoubtedly  tended  to  prevent 
the  pei-ception  of  the  true  relations  of  the  facts,  as  it  now  int«'rferes 
with  a  correct  description  of  them.  We  refer  to  the  characterization 
of  the  higher,  double-celled,  spore-bearing  "genemtion"  as  "asexual," 
Appreciating  the  primitive  character  of  such  structures  aa  the  pro- 
thalius  in  ferns,  Strasburger  as.serted  that  a  new  "asexual  generation" 
had  been  intercalated  into  the  life  history  of  organisniB.  It  is  now 
perceived  that  for  cytological  purposes  this  is  not  the  whole  truth, 
and  that  for  evolutionary  purposes  it  is  not  true  at  all.  The  new 
"  generation  "  was  not  merely  intercalated  into  the  life  history  of  the 
organism;  it  was  intercalated  into  the  sexual  jtmcetm.  It  is,  therefore, 
not  asexual,  but  sexual,  and  in  a  higher  degree  than  the  so-called  sex- 
ual generation.  The  latter  bears,  it  is  true,  the  cells  which  conjugate, 
but  the  former  is  pi-oduced  durbuj  the  actual  jM-ocess  of  conjugation. 
Organic  perfection  has  been  attained,  not  through  the  development  of 
an  "asexual  generation,"  but  by  the  lengthening  out  of  the  sexual 
process  itself;  not  by  abandoning  or  avoiding  sexuality,  but  directly 
by  means  of  it.  , 

Among  the  lower  plants  the  single  cell  formed  by  conjugation  accom- 
plishes in  a  brief  space  of  time  all  the  cytological  processes  which  in 
the  higher  plants  come  between  fertilization  and  chromosome  reduc- 
tion. Sexual  fusion  is  immediate  and  complete,  and  takes  place  during 
a  brief  period  of  interruption  of  the  growth  and  subdivision  of  vegeta- 
tive cells.  If  the  vegetative  fern  prothallus  is  to  l>e  termed  sexual 
because  it  produces  antheridia  and  archegonia,  the  sporophyte  is  sex- 
ual to  the  second  degree,  for  it  is  built  of  conjugating  cells,  contain- 
ing, until  synapsis  and  the  subsequent  reducing  divisions,  a  double 
number  of  chromosome.s,  the  parental  chromatin  elements  being  still 
unfused.  However  important  chromosome  reduction  may  be,  it  is, 
after  all,  only  a  corollary  or  se(]uel  of  the  dotMhig  conjugation.  It 
was  not  the  reducing  division,  but  tlf  Iwig  prntponi'iiient  of  the  reditc- 
tion  dimsiim^yih'wXi  permitted  higher  types  of  organisms  to  be  developed 
by  means  of  double,  sexual  cells. 

A  special  evolutionary  significance  was  ascribed  to  the  chromosome 

" StratihiinKT,  Riwiirvl.  Aiiti:ilf  -\  Rotanv,  1SSM,  «:  'iSl-.llS,  , 
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reduction  because  cytology  was  approaclied  from  the  standpoint  of  the 
somatic  tissues  of  the  higher  plants  and  animals.  This  ouirent  inter- 
pretation reverses,  however,  the  historical  course  of  events.  The 
i-educing  division  was  not  an  expedient  incidental  to  the  adoption  of  a 
process  of  sexual  reproduction  by  orgaDisnis  previously  sexless.  It 
vum  not  the  reduction  iti  yetPi^-  chromonom&t,  hut  the  Tetention  of  the 
double  numher,  that  co-iiit'tutt^f  the  iiitjuirtmit  step  -in  nexual reproduction 
fuid  iiKtde  jHmnih/e  the  eivt/i/iititiqf  coiii/i/e^  higher  trrgartimiix.  It  is, 
therefore,  not  the  reducing  division,  but  the  doubling  conjugation, 
which  should  constitute  the  datum  point  or  base  line  for  tracing  cyto- 
logical  homologies. 

THE  SUHINATION  OF  TEE  SIUPLE-CEI.LED  PHASE. 

Chromosome  reduction  brought  al>out  by  synapsis,  or  the  fusion  of 
the  chromatin  elements,  followed  by  two  special  nuclear  divisions,  is 
not,  historically  speaking,  the  beginning  of  the  sexual  process,  but 
the  end  of  it.  Ohr<}mosome  reduction  stands  in  no  special  causal  rela- 
tion to  the  subsequent  conjugation.  The  numl)er  of  («ll  generations 
formed  between  synapsis  and  conjugation  differs  greatly  in  the  various 
natural  groups,  and  merely  shows  how  far  the  organism  still  adheres 
to  its  old  simple-celled  life  history.  Fecundation  and  synapsis,  as  tbe 
beginning  and  the  end  of  the  sexual  pi-ocess,  would  seem  to  l>e  directly 
compaiable  in  all  organisms  which  have  developed  a  double-celled 
sexual  phase. 

From  the  physiological  standpoint,  it  may  l)e  an  advantage  to  dis- 
pense with  the  simple-celled  phase  and  thus  shorten  the  period  between 
the  chromosome  reduction  which  marks  the  end  of  one  conjugation 
aiyl  the  cell  fusion  which  begins  another.  Synapsis  relieves  organic 
fatigue  by  means  of  new  nuclear  configurations,  and  has  been  thought 
of  as  a  stimulant  of  vital  activity  or  energy  of  growth,  the  )>enetit  of 
which  can  be  secured  for  the  new  double-celled  structure  by  very 
prompt  conjugation,  as  occurs  in  all  the  higher  plant.s  and  animals. 
This  consideration  would  help  to  explain  the  organic  inferiority  of  such 
a  group  as  the  ferns,  which,  although  they  have  developed  a  double- 
celled  pha.'^e,  continue  to  wa«te  the  energy  derived  from  synapsis  on  a 
worse  than  useless  simple-celled  sti'ucture. 

In  all  animals  a))ove  protoitoa  this  I'eduction  of  the  simple-celled 
phase  has  gone  so  far  as  to  result  in  it«  complete  elimination,  for  the 
two  peculiar  nuclear  divisions  which  occ^ur  in  rapid  suct^ession  imme- 
diately after  synapsis  constitute  an  cs.'^ential  part  of  chromatin  reduc- 
tion. That  these  phenomena  noted  are  indissuciably  connected  stages 
in  the  process  of  chromosome  reduction  has  been  emphasized  recently 
by  Farmer  and  Moore,"  wlio  propose  the  convenient  term  maiosis  to 

"  Farmer,  J.  B.,an<l  Moort,  J.  E.  S.  On  the  Maiotic  Phase  (ReiiiK'tioii  Ilivisnons) 
ill  Aiiimale  an<l  Plants,  in  Qiiarttrly  Journal  ol  Micrascopiual  Science,  n.  p.,  No.  182 

(vol.  48,  No.  4),  Fell.,  1905.  p(i.  4K*)-.'>57,  pi.  SJ 
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include  synapsis  and  the  subsequent  beterotype  and  honiotype  nuclear 
divisions." 

ALTERNATION  OF  STRnOTUItAI.  TTFE^. 

"Alternation  of  generations"  is  an  expression  Iwrrowed  from  zool- 
ogy; its  application  to  the  archegoniate  plants  has  Introduced  endless 
complexities,  and  can  be  justified,  after  all,  only  by  false  anatogieH. 
Alternation  of  generationa  was  diwovered  by  Chamisso  in  a  species  of 
Salpa,  a  marine  animal  belonging  to  the  Tunicates;  hut  here,  as  well 
as  in  the  traditional  zoologiL-al  example  of  the  Aphides,  or  plant  lice, 
the  phenomena  have  entirely  different  evolutionary  significance  from 
the  so-called  antithetic  alternation  of  generations  in  the  archegoniate. 
Generations  or  individual  life  cycles  of  Salpa  and  of  plant  lice,  which 
were  originally  alike,  have  become  different,  so  that  now  partheno- 
genetic  generations  alternate  with  sexual  generations.  To  make  the 
archegoniate  plants  a  parallel  Instance,  it  would  be  necessary  to  assume 
that  what  in  now  called  the  siwi-ophyte  was  originally  another  thallus, 
or  something  that  coi-responded  to  one,  which  later  on  l>ecame  modified 
into  the  sporophytic  "generation."  To  sfat«  the  case  in  this  way  may 
seem  quite  suj>erfluous,  since  nol)ody  has  made  such  a  suggestion, 
Strasburger  and  others  have  repeatedly  declared  that  the  so-called 
asexual  generation  had  licen  intercalated— that  is,  added  anew— and 
not  substituted  for  something  else.  This,  however,  makes  it  only  the 
more  obvious  that  the  sporophjte  is  a  generation  only  in  a  very  loose 
and  innccurate  sense,  and  not  because  it  corresponds  to  or  takes  the 
place  of  any  other  genei'ation.  The  simple  fact  is  that,  instead  of  form- 
ing merely  one  oospore  as  the  result  of  fertilization,  the  archegoniates 
have  come  to  form  a  whole  sporophyte  or  double-celled  structure  by 
the  multiplication  and  progressive  sterilization  of  potentially  sporoge- 
nous  tissue,  as  Bower  has  shown.* 

Bowef's  generalization  is,  however,  only  ahalf  truth,  since  the  sterili- 
zation, or,  better,  the  arrest  of  spore  formation  of  someof  the  cellsi  is 
conditioned  on  the  possibility  of  continued  subdivision  and  growth  of 
the  fertilized  egg,  and  this  can  occur  only  when  there  is  a  definite 

"To  recognize,  however,  as  Fanner  and  Moore  do,  thew  two  oell  generationa  bb  a 
distinct  "maiutic  phase"  in  ttie  life  hiHtory  of  Metaphyla  and  Metazoa  iloes  not 
Beem  warranted,  since  chromoaome  reduction  ia  apparently  a  mechanical  neceasily 
resulting  from  sexual  conjugation  and  is  consequently  broi^ht  about  in  a  practically 
identical  manner  in  all  symltasii^  organisms,  from  the  lowest  to  tlie  highest.  Maioeis 
IB  rather  a  connecting  link  at  the  node  in  (he  network  of  descent  than  a  distinct 
phase  Bnbject  to  expansion  or  contraction  an  organisms  mount  in  the  scale  of  evolu- 
tionary progress.  On  theother  hand  it  is  clear  that  the  two  ]>ei'uliarceli  generations 
occurring  during  maioeis  can  not  properly  be  classed  with  the  double-eel lc<l  phase 
that  asoally  precedes  or  with  the  simple-celled  phase  that  usually  follows,  hut  con- 
Btitate  a  ttanaition  stage  marking  the  end  of  one  generation  and  the  beginning  of 
another. 

6  Bower,  F.  O.  A  Theory  ot  Ihe  Strobilus  in  Archegoniate  Plants.  Annals  of 
Botany,  8:343-365.     1894.  -,  . 
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postponement  of  some  stage  of  sexu&I  fusion,  for  if  the  final  stage 
is  once  reached  and  the  chromatin  fuses,  no  further  growth  hi  possible, 
and  a  new  generation  is  inaugurated  automatically.  When  uexual 
fusion  is  imm^iate  and  complete,  i.  e.,  when  nuclear  fuHion  follows 
close  on  cell  conjugation  and  is  in  turn  at  once  succeeded  by  chromatic 
fusion,  no  development  of  the  oospore  can  occur;  it  simply  breaks  up 
into  four  spores.  Such  was  once  the  fate  of  the  eggs  of  all  orgttniaois, 
and  such  is  still  their  fate  in  the  lower  plants.  All  development  of  the 
fertilized  egg  other  than  a  simple  splitting  into  four  sporei*  is  due 
to  an  arrest  of  the  process  of  sexual  fusion  which  permibi  its  expansion 
into  a  mass  of  double  cells,  such  as  constitute  the  bodies  of  higher 
animals  and  plants. "  It  is,  however,  clear  that  the  effect  of  such  an 
arrest  in  the  process  of  sexual  conjugation  and  consequent  intercala- 
tion of  a  double-celled  phase  in  the  life  history  of  the  organism  is  to 
lengthen  the  life  cycle;  it  lessens  the  number  of  generations  instead 
of  making  more  of  them. 

Notwithstanding  half  a  century  of  endeavor,  botanists  and  zoolo- 
gists have  not  yet  found  in  the  higher  animals  any  definite  homolc^ue 
of  the  so-called  antithetic  alternation  of  generations  discovered  by 
Hofmeistei'^  in  the  archogoniate  plants.  The  whole  idea  of  alternat- 
ing generations  must,  however,  be  abandoned  and  emphasis  placed 
instead  on  the  expansion  of  the  oospore  or  fecundated  egg  into  a 
double-celled  phase  that  comes  to  occupy  a  larger  and  larger  part  of 
the  life  cycle  as  organisms  mount  higher  in  the  scale  of  evolutionarj' 
progress.  It  then  becomes  evident  that  in  higher  animals  (Metazoa) 
the  expansion  of  this  phase  has  gone  so  far  that  the  simple-celled  stage 
has  been  completely  suppressed,  and  in  consequence  their  life  history 
is  as  free  from  alternating  phases  as  that  of  the  lower  plants,  though 
for  a  very  different  reason.  The  lower  groups  show  no  expansion  of 
the  fertilized  egg.     The  higher  animals  consist  of  nothing  elae.' 

« It  is  clear  that  the  eKpansion  o(  the  fertiUzed  egg  could  occur  in  siphonaceone 
algie  and  fan)p  without  any  cross  walln  (orniing  between  the  nuclei  aa  they  arise  by 
subdivieion.  The  mature  thallas  of  an  Acetabutaria  is  obviously  tlie  enormouHtr 
expanded  HynKamele  and  may  or  may  not  contain  double  nuclei.  On  theotherhand, 
the  Infusoria  may  be  found  to  <-onsist  of  one  doable  cell,  the  successive  cell  genera- 
tions not  adhering  to  form  a  tissue. 

A  Holineister,  AV.,  Ver|i;lei(^hende  Untersuchungen  der  Keimung,  Entfaltimg  und 
Fruchtbildung  hoberer  Kryptogamen  und  der  Samenbildung  der  Coniferen,  Leip- 
tig,     1851. 

<  This  fact  is  obscured,  but  not  negated,  by  the  splittiug  up  during  chromoeome 
reduction  of  the  egg  and  sperm  mother  cells  of  animals  inlo  four  gametes,  which  are 
simple  cells,  but  which  are  no  longer  capable  of  further  development  unless  they 
conji^te.  As  previously  noted  (p,  13,  footnote  'i)>  these  two  cell  generations  occur- 
ring during  chromoaouie  reduction  constitute  a  transitlcm  stage  between  the  old  and 
the  new  generations  and  can  not  properly  be  classed  with  the  si u) pie-celled  phase. 

The  occurrence  of  alternating  phases  in  the  life  history  of  an  organism  iudicalea 
that  it  is  in  an  unstable  evolutionary  condition,  since  it  has  not  yet  attained  the 
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Thftt  there  are  two  unicellular  wtages  in  the  life  h  istory  of  an  organism 
should  not  l>e  allowed  to  introduce  any  (infusing  tet-hnicaiities.  For 
genealogical  purposes  the  spore  is  quite  as  much  the  dem-endant  of  the 
ftDtherozoid  and  the  egg  cell  au  it  would  )>e  if  the  other  ti.HSues  of  the 
sporophyte  had  not  I>een  intercalated.  From  chromosome  redm^tion 
to  ithromosome  reduction,  from  spore  to  spore,  or  from  ogg  to  egg  is 
one  generation,  and  not  two.  The  prothallus  iw  no  more  mysterious 
than  any  other  piec«  of  ancient  history.  The  ferns  were  originally 
liverworts,  the  capsules  of  which  had  the  good  fortune  to  get  roots 
into  the  ground  and  keep  on  growing,  but  they  have  not  j'Ct  learned 
to  dispense  with  their  first  vain  attempt  at  building  a  structure  on  a 
simple-celled  basis. 

BSXtTAUTT  A  KECHAHISH  OF  EV0L17TI0N. 

Stress  has  also  been  laid  upon  this  supposed  alternation  of  "sexual" 
and  "asexual"  generations  in  the  belief  that  a  clew  was  here  to  be 
gained  regarding  the  nature  of  sex  and  of  attendant  "mechanisms  of 
heredity."  But  since  only  one  generation  is  really  involved  instead  of 
two,  and  since  the  phase  of  existence  which  has  been  termed  asexual 
is  in  reality  the  more  strongly  sexual,  it  is  not  surprising  that  these 
expectations  have  not  been  realized.  Sexuality  facilitates  interbreed- 
ing and  makes  it  the  more  effective  by  distributing  new  variations 
throughout  the  species;  it  is,  in  short,  a  mechanism  of  diversification  and 
of  evolution,  a  fundamental  and  universal  fact  which  stands  squarely 
in  the  way  of  the  alleged  law  of  heredity  under  which  organisms  would 
breed  true  and  be  exactly  alike.  This  notion  of  a  uniform  and  unchang- 
ing heredity,"  or  of  any  natural  tendency  to  such  a  condition  of  organic 

most  effective  type  of  oi^anization.  The  persistence  of  a  clearly  two-pliaeed  condi- 
tion in  the  vascular  cryptogams  and  of  a  reiluced  alternation  of  phases,  even  in  the 
highest  algse  and  flowering  plants,  is  a  proof  oi  the  extreme  slowness  of  the  evolu- 
tionary pn^reai  of  the  plant  kingdom.  Animals  seem  (o  have  passed  through  the 
diphase  period  of  their  existence  before  the  <)awn  of  genlt^e  hitdory,  and  appear  in 
the  oldest  fossil-bearing  strata,  not  only  as  completely  double-celled  or^aniwos  but 
highly  differentiated  ones  at  that.  Not  only  are  there  no  traces  of  the  two-phaswl 
pr'Ogenilors  which  must  have  gone  before  the  lowest  known  fossil  organisms,  but  up  to 
now  Koologiste  have  not  realized  the  need  of  postulating  such  forms  at  all,  and  have 
been  content  to  derive  the  higher  animals  from  merely  simpler  bat  always  com- 
pletely double-celled  ancestors,  which,  of  course,  are  not  primitive,  it  seems  not 
improbable  that  the  completely  double-celled  condition  has  been  reached  inde- 
pendently hy  different  groupu  of  higher  animals,  juct  as  it  han  been  approximate*!, 
though  not  attaineil,  by  the  Fiicacew  and  the  phanerogams  among  plants.  The 
animal  kingdom  does  not  contain,  so  far  as  is  now  known,  a  single  species  that 
shows  alternating  phases  in  its  life  history;  it  has  no  counterparts  of  all  that  wealtli 
of  forms  which  in  the  plant  kingdom  bri<lge  the  int«rval  from  the  protophytes  to 
the  flowering  plants. 

o  "The  modifications  introduced  into  palingenesis  by  kenogenesis  are  vitiations, 
strange,  meaningless  additions  to  the  original,  true  course  of  evolution." — llarrM, 
Eeotutitm  of  Man,  vol.  11,  p.  4'iO,  note  9. 
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stagnation,  can  well  l>o  rttlegated  to  the  limbo  of  hypotheues  which 
have  not  j>roved  useful.  Heredity  ia  not  a  mechanii^in  or  a  force;  it 
is  merely  another  name  for  the  property  of  organic  continuity  or  suc- 
cession. There  is  no  more  hei'edity  in  an  organism  atone  stage  of  itn 
life  history  than  at  another. 

Sexual  and  other  divemtiep  inside  specific  lines  are  not  useless 
morphological  complexities  or  mere  failures  in  the  execution  of  a 
fundamental  plan  of  complete  uniformity.  Diversity,  interbreeding, 
and  evolution  are  physiological  factors  of  the  highest  importance  in 
maintaining  vital  efficiency. 

Morphologii^ally  speaking,  sexuality  is  a  specialization  of  the  inter- 
nal diversity  of  the  species,  and  among  plants,  at  least,  it  ha$  been 
attained  independently  in  a  large  nunil>erof  unrelated  natural  groups. 
Thei'e  are  grades  of  sexual  differentiation  just  as  there  are  of  oi^ntc 
structures.  Moss  plants  and  fern  prothalli  may  be  sexually  differen- 
tiated and  the  differentiation  may  occur  farther  hack  in  the  spore 
itself,  or  even  in  the  sporophyte  or  double-celled  phase,  as  in  the 
flowering  plants  and  the  higher  animals.  Thus  in  the  same  species 
there  may  be  two  sexualities,  one  in  the  simple-celled  stage  and 
another  in  the  double,  and  these  may  have  no  homology  op  causal  con- 
nection, except  as  they  both  serve  the  same  purpose  of  promoting 
more  eflScient  symbaais.  Indeed,  the  sexuality  of  the  highest  types  of 
organization  is  not  merely  double,  but  threefold;  the  individual  has 
sex,  as  a  whole;  the  double  cells  of  which  the  body  m  composed  ai'e  a 
part  of  a  sexual  process,  and  the  simple  cells  which  it  produces  for  the 
initiation  of  a  new  generation  are  sexually  differentiated. 

TWO  TYPES  OF  DOtJBLE-OELLEB  STBUCTUBES. 

That  organisms  are  evei-y  where  associated  in  species  is  not  because 
of  some  undiscovered  principle  or  mechanism  of  heredity;  it  is  simply 
because  the  interweaving  of  the  lines  of  individual  descent  is  l>eing 
maintained,  without  which  the  specific  association  would  be  dissolved 
into  indefinite  radial  divergence  and  degeneration,  &.i  among  the  varie- 
ties of  bananas  and  other  plants  long  propagated  from  cuttings.  Many 
explanations  have  I>een  conjectured  for  the  supposed  absence  of  sexual 
repi-oduction  among  the  higher  groups  of  fungi.  From  the  standpoint 
of  a  synibasic  evolution,  however,  it  becomes  evident  that  the  exist- 
ence of  true,  coherent  species  among  these  fungi  is  a  sufiScicnt  evideiife 
of  interbreeding,  and  hence  of  sexuality.  There  is  in  many  groups  a 
deficiency  of  specialized  sexual  organs,  but  th&seare  rendered  unneces- 
sary by  abundant  opportunities  for  direct  conjugation  among  the 
mycelial  filaments. 

That  the  cells  of  the  more  complex  reproductive  tissues  of  the  higher 
fungi  are  known  to  have  two  nuclei,  while  in  the  younger  mycelium 
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there  is  only  one,  might  hIso  have  been  accepted  aa  proving  that  con- 
jugation bad  taken  place.  Thi»  does  not  mean,  of  course,  that  cross- 
fertilization  in  indispensable  for  spore  production  among  the  fungi, 
but  their  habits  of  growth  certainly  give  many  opportunities  for  con- 
jugations between  niycelia  of  different  descent,  by  which  the  existence 
of  compacrt  and  well-defined  species  can  t>e  maintained,  although  the 
peculiar  structure  of  fungous  tissueii  permits  extreme  variability  of 
the  size  and  external  form  of  the  fruiting  bodies. 

In  structural  complexity,  size,  longevity,  and  other  measures  of 
organic  efficiency  the  binucleate  fungi  have  an  intermediate  position 
in  the  plant  series.  Their  wide  distribution  and  extensive  differen- 
tiation into  species,  families,  and  orders  are  evidences  of  ample  oppor- 
tunities in  time  and  environment,  so  that  it  is  not  unfair  to  explain 
their  evolutionaiy  limitations  by  reference  to  their  peculiar  type  of 
organic  structure. 

Sexual  reproduction  is  accomplished  through  conjugation  or  fusion 
of  cells,  a  process  which  may  be  divided  into  three  stages:  (1)  Plas- 
mapsis,  the  fusion  of  the  cytoplasm  or  unspecialized  protoplasm; 
(2)  karyapsis,"  the  fusion  of  the  nuclei  or  nuclear  protoplasm;  (3) 
synapsis,  the  fusion  of  the  chromatin.  The  binucleate  cells  of  the 
fungi  may  be  said  to  have  passed  the  stage  of  plasmapsis,  but  kary- 
apsis,  or  true  fecundation,  like  that  of  the  higher  plants  and  animals, 
has  not  taken  place. 

For  the  form  of  sexuality  which  produces  the  binucleate  cell  struc- 
tures of  the  higher  fungi  the  name  apaylogamy  i.s  proposed,  in  allusion 
to  the  fact  that  the  two  nuclei  have  not  yet  associated.  The  higher 
stAge,  where  the  nuclei  fuse  but  the  chromosomes  remain  apart,  may 
be  cbMcA paragamy,  which  implies  that  the  union  \a  still  incomplete, 
but  that  a  more  intimate  relation  has  been  established.  These  two 
double-celled  conditions  may  be  furthei'  contrasted  with  liajilogaviy, 
the  primitive  method  of  undeferred  combination  of  the  sexual  cells, 
nuclei,  and  chromatin. 

To  the  "asexual  generation,"  which  is  not  asexual  and  not  a  gener- 
ation, the  term  paragamic  pKnae  may  be  applied  among  the  higher 
plants  and  animals,  the  tissues  of  which  are  composed  of  cells  with  a 

»  The  etymology  of  thetw  terras  will  be  obvious  to  all  studentif  of  biology,  planun 
and  karyon  being  the  familiar  lireek  renileringa  of  protoplasm  and  nudeus,  reHp*^'- 
tively.  The  other  element,  A4'H,  Hignifiea  a  liinding  or  tying  together  anil  alfto  a 
mesh  or  network,  a  meaning  expei'ially  appropriate  in  view  of  the  reticniar  atruc- 
tnreoC  living  matter. 

The  series  might  be  completed  more  logically  l>y  using  ttie  dietincUve  word 
milaptit  ta  a  eatwtitute  for  syiMpsie,  which  in  its  etymology  is  scarcely  more  tlian  a 
Greek  etjuivalent  for  the  general  tenn  conjugation,  Mitapsis  in  derived  from  /Jtroi, 
a  thread,  and  alludes  to  the  threadlike  condition  aseumeil  by  the  chromtitin  during 
the  procem  of  chromatic  fusion. 
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PATUeAMIC  PHASC 


APAYLOGAMIC  PHASE 


—Diagram  showing  U 


HAPLOeAMC  PHASE 


n  Ilio  II  [li  hMory  of  orsanisni) 


double  niiiiil>er  of  chromosomes.  The  binucieato  structures  of  the 
fuAgi  may  be  referred  to  as  the  <iji(iyl>H/iiiiiie  phant^.  The  so-caJJed 
"He.xual  genei-ation"  may  !)e  called  the  haidiHjanuc  pfuutc  in  both 
cattes.     These  new  terms  might  not  be  necessary  if  words  were  iwed 

for  descr  ipti  ve  pu  r- 
poses  only,  Itot  in 
the  present  iu^jwce 
they  have  general 
implications  tooim- 
poitant  to  be  disre- 
garded. 

Haploganilc 
structures  are  built 
between  synapsis 
and  plasmapsis, 
apaylogamic  b  e  - 
tween  plaamapsts 
and  karyapsis,  par- 
agamic  between 
ksryapsis  and  synapsis.  Between  the  three  critical  points  of  cyto- 
logical  activity  there  are  three  intervals,  in  which  the  ot^nism  can 
■  pause  to  gain  additional  size  or  numbers  by  vegetative  division  of 
cells.  The  relations  between  the  cell  structures  and  the  nuclear 
processes  are  illustrated  by  the  accompanying  diagram  (tig.  1). 

No  organisms 
have,  however, 
structures  built  in 
all  thethreepha-ie-s. 
The  relative  impor- 
tance of  each  phase 
in  the  life  histories 
of  the  different 
natural  groups  can 
also  be  illu.strated 
by  simple  diagrams, 
a.s  shown  infigure2. 
The  relative  im- 
portance of  the  dif- 
ferent phases  in  the 
life  histoiy  of  the 
various  groups  of  organisms  can  be  represented  in  another  way,  as 
is  shown  on  Plate  I.  The  digrams  on  this  plate  show  in  addition 
a  network  of  descent  in  its  simplest  form,  composed  of  successive 
generations  linked  together  at  the  first  stage  of  conjugati<m.  The 
generations    themselves  are    seen    to    l)e   composed   of    alternating 
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jiroupe  or  iirNHnlHnu. 


db.  Google 


TWO   TYPES   OP    DOUBLE-CELLED   STRUCTURES.  "     19 

simple  and  double  i^cllcd  phages  in  oi'traniisniH  of  interaiediate  evolu- 
tionnry  rank,  and  finally  the  double-celled  phase  i»  shown  to  be  an 
expaoHioii  of  the  fertilized  egg,  whidi  constitutes  an  increasingly 
large  part  of  the  life  history  as  organisms  mount  higher  in  the  scale 
of  erolotionary  progress. 

It  fc*  thus  easy  to  understand  why  the  two  types  of  double-celled 
structarps  have  very  unequal  po-ssibilities  of  organization.  Two  nuclei 
are  evidently  better  than  one,  but  their  association  is  too  slight,  appar- 
ently, to  gain  much  of  the  vital  stimulus  consequent  upon  the  more 
effective  method  of  conjugation  followed  by  the  higher  plants,  where 
the  chromosomes  of  two  fused  nuclei  lie  in  juxtaposition  in  the  new 
nucleus.  The  higher  organisms  have  not  merely  double  cells,  but, 
what  seem-s  to  be  vastly  more  important,  compound  nuclei,  a  more 
advanced  and  energi/ed  stage  of  the  sexual  process,  which  enables  them 
to  maintain  for  exceedingly  long  periods  of  time  the  power  of  growth 
and  subdivision." 

The  intercalation  of  the  double-celled  stioicturedoes  not  change  the 
order  of  nuclcur  events  in  cross-fertiliiation,  but  it  maybe  said  to 
change  fuiidaiiien tally  their  chronological  and  physiological  relations. 
The  true  historical  sequence  of  conjugation  is  plasmapsis,  karyapsis, 
and  synapsis,  but  the  apparent  and  practical  sequence  in  the  higher 
plant'^  and  animals  becomes  synapsis,  pla.sniapsi.s,  and  karyapsis,  the 
synapsis  which  ends  one  conjugation  being  followed  closely  by  the 
plasmapsis  which  begins  another.  The  suspension  of  nuclear  changes 
for  vegetative  growth  no  longer  occurs  between  synapsis  and  plas- 
mapsis, but  between  karyapsis  and  synapsis,  the  double-celled,  para- 
gamic  structure  being  built,  as  already  stated,  on  a  new  and  highly 
sexual  plane,  that  is,  out  of  cells  in  a  state  of  prolonged  sexual  union. 

If,  a.s  may  be  supposed,  the  benefit  of  synapsis  lies  in  the  making  of 
new  associations  of  the  ancestml  chromatin  elements,  it  is  obvious  that 
the  bringing  of  two  such  newly  energized  nuclei  together  would  pro- 
duce a  condition  which,  for  want  of  other  words,  might  be  called  a 
multiple  vital  tension.  The  double-celled  type  of  structure  involves, 
therefore,  not  merely  a  transfer  of  emphasis  to  a  new  part  of  the  life- 
cycle,  but  a  new  and  improved  sexual  prwess,  which  raises  the  bio- 
logical equation  to  a  higher  power.  From  this  standpoint  it  is  obvi- 
ous that  the  morphological  diversities  of  sex  have  a  fundamentally 
important  and  truly  physiological  function  in  building  up  and  main- 
taining the  efficiency  of  the  complex  organization  of  the  higher  plants 
and  animals.     It  is  as  illogii'al  to   iiscrilKs  the  internal   diversity  of 

"Aa  noted  before,  some  organiwns,  Hiich  as  Caulerpa  and  Acelabularia,  show  a  con- 
siderable d^ree  of  evolutionary  progreaa,  and  have  not  as  a  matter  of  fact  atlained 
the  cellular  type  o(  oiw*"i!''ition  at  ail;  they  may,  however,  be  found  to  have  double 
auclei  and  to  be  very  striking  examples  of  the  expansion  of  the  fertilized  egg. 
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Species   to  exterDKt  environmental  causes  an  to  arbitrary  mechanisiDK 
of  heredity. 

The  extent  to  which  the  i^tatic  concept  of  a  normally  unchanging 
heredity  has  obscured  evolutionary  thought  and  investigation  could  not 
be  better  uhown,  perhaps,  than  by  the  fact  that,  notwithstanding  the 
great  multiplicity  of  terms  which  have  been  proposed  for  all  the 
imagined  kinds  of  variationii,  no  name  has  been  suggested  for  this  nor- 
mal and  necessary  inti-aspeciticdiversity.  Thedeficiency  may  be  made 
good  by  the  use  of  the  word  hetenani  for  the  whole  group  of  phenomena, 
ranging  from  mere  individual  diversity  to  the  highest  specializatjous 
of  heterism,  exemplified  by  sexes,  castes,  and  polymorphic  conditions. 
It  is  true  that  the  membei's  of  a  species  look  alike  when  compared  with 
those  of  other  species,  and  there  may  be  no  barm  in  ascribing  this 
likeness  to  heredity,  but  there  is  nothing  to  show  that  this  heredityof 
general  resemblance  has  anything  to  do  with  evolution  except  as  an 
incidental  result.  Evolution  does  not  take  place  between  species,  but 
inside  of  them ;  it  is  not  an  interspecific  phenomenon,  but  in^nispecific. 
It«  principal  factors  are  heterism  and  symbasis,  not  heredity  and  envi- 
ronment, as  believed  by  the  selectioniMts,  nor  heredity  and  segrega- 
tion, as  supposed  by  the  mutationists. 

HEBEDITT  IN  BETICUI.AB  DESCENT. 

The  greater  efficiency  of  the  double  nuclei  is,  however,  only  one 
more  evidence  of  the  importance  of  sex  as  a  means  of  diversity  and  of 
bringing  diverse  protoplasms  together.  The  nuclear  network  of 
■  chromatin  which  controls  the  activities  of  the  cell  corresponds  to  the 
network  of  descent  through  which  the  cell  has  come  into  existence. 
Symbasis,  or  diversity  of  descent  with  normal  interbreeding,  is  the 
foundation  of  the  strength  and  vitality  of  the  organism,  because  it 
increases  the  efficiency  of  the  nuclei  of  the  component  cells. 

Inbreeding  or  defective  fertilization,  on  the  other  hand,  would  cause 
nuclear  deterioi'ation,  as  so  strikingly  shown  by  Maupas  tn  the  so-called 
senile  degeneration  of  ciliate  Infusoria  induced  by  keeping  them  too 
long  without  cross-fertilization.  This  phenomenon  is.  indeed,  closely 
parallel  to  senile  degeneration,  but  there  is,  nevertheless,  an  important 
difference.  In  true  senile  degeneration  the  vigor  of  the  cells  is  declin- 
ing because  of  the  absence  or  long  postponement  of  conjugation.  In 
monobasic  degeneration,  conjugation  may  take  place,  but  is  not  effective 
because  of  insufficient  diversity  of  descent.  Monobasis  is  the  antithesis 
of  symbasis;  it  means  descent  without  cross- fertilization,  on  single  or 
very  narrow  lines.  The  inevitable  result  is  degeneration,  with  a 
rapidity  proportional  to  the  closeness  of  the  inbreuding  and  the  com- 
plexity of  the  organisms. 

This  intimate  relation  between  organic  descent  and  organic  structure 
enables  us  to  understand  the  phenomena  of  organic  succession  without 
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resorticg  to  iibHtract  principles  or  to  hypothetical  mectianiijmhi  of  befed- 
ity.  The  network  of  descent  is,  as  it  were,  a  map  showing  the  alternative 
routes  of  the  developing  organism,  and  permitting  normally  any  combi- 
nation of  ancestral  characters,  as  may  well  result  from  the  endlessly 
varying  arrangement-H  into  whioh  the  ancestral  chromatin  elements  may 
fall  at  the  time  of  synapsis  or  chromatic  fusion.  Twins  developed  from 
the  same  ovum  would  have  the  same  arrangement  of  chromatin,  which 
accords  with  their  close  similarity  of  form,  but  otherwise  there  is 
unlimited  diversity,  even  among  the  simultaneous  offspring  of  the 
same  parents.  It  would  seem,  therefore,  that  instead  of  a  mechanism 
of  heredity  inMide  the  reproductive  cells  there  is  an  automatic  device 
for  insuring  diversity.  The  higher  the  organization  the  more  com- 
plex the  descent,  and  the  greater  the  variety  of  nuclear  conggunitions 
and  the  resulting  individual  diversity. 

Nevertheless,  inheritance  is  not  governed  merely  by  chance,  nor 
limited  even  to  the  infinity  of  nuclear  networks  to  be  made  by  the 
combinations  ix>saible  among  the  ancestral  chromatin  elements.  With 
the  greater  vitality  of  interbred  organisms  is  a.ssociated  also  a  stronger 
heredity  or  prepotency  of  the  wild  or  more  broadly  symbasic  types 
when  such  are  crossed  with  inbred  domesticated  varieties.  New  varia- 
tions, too,  appear  to  have  the  same  effect  as  diversity  of  descent  in 
lending  greater  vigor  and  prepotency.  Even  mutations,  or  degener- 
ative variations  induced  by  inbreeding,  are  prepotent  on  their  own 
plane  of  symbasis— that  is,  when  crossed  only  with  their  own  inbred 
relatives^though  they  are  promptly  obliterated  or  "swamped" 
when  brought  into  contact  with  the  broadly  symbasic  wild  type,  the 
prepotency  of  the  diverse  descent  being  far  greater  than  that  attach- 
ing to  the  inbred  variation.  It  is  the  prepotency  of  variations  which 
i-enders  evolution  truly  kinetic;  for  the  methods  of  organic  descent 
are  such  as  to  bring  about  a  spontaneous  change  of  type.  The  envi- 
ronment often  influences  the  direction  of  this  vital  motion,  but  is  in  no 
proper  sense  an  actuating  cause. " 

Cells  are  the  units  of  organization,  but  species,  as  groups  of  inter- 
breeding individuals,  are  the  units  of  evolution.  The  causes  of  evolu-  ■ 
tion  are  not  revealed  by  hypothetical  subdivisions  of  cells  into  char- 
acter unit*  or  detei-minate  elements,  but  by  ascertaining  the  methods 
of  descent  thi-ough  which  interbreeding  maintains  organic  strength 
and  evolutionary  progress.  Cells  divide  themselves,  as  we  know,  into 
other  cells,  and  species  into  other  species,  but  it  is  only  as  cells  and  as 
species  that  their  vital,  organic,  evolutionary  activities  are  accom- 
plished. IndSvrdwdn  vary  and  nmtate,  but  only  »peinex  evohe.  To 
classify  the  various  stages  and  functions  of  organisms  under  general 
and  abstract  terms  maj'  be  desirable,  but  for  evolutionary  purposes  it 

"Cook,  0.  F.    Natural  Selection  in  Kinetic  Evolution,  Science,  n.  b.,  1«:549.    1904. 
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in  the  network  of  descent  which  i<epresetits  the  conci'ete,  significant 
fact,  and  it  in  this  which  can  be  resolved,  if  necessary,  into  it^  compo- 
nent lines,  polygons,  or  nodes,  to  furnish  units  for  the  calculation  of 
(luantitative  effects  of  inheritance,  as  iu  Gallon's  Law  of  Ancestral 
Kesemhlanccu  and  Filial  Begression,  under  conditions  of  normal  sym- 
bawic  descent,  or  in  Mendel's  Laws  of  Disjunction,  in  hybrids  of 
abnormally  inbred  varieties. 

The  recognition  of  the  double  character  of  the  cells  of  the  higher 
plants  and  animals  permite  many  other  phenomena  of  inheritance  to  be 
understood,  though  it  seems  to  take  us  farther  than  ever  from  the  hope 
of  a  merely  mechanical  explanation  of  the  nature  of  heredity  itself. 
If  conjugation  were  concluded  immediately,  the  well-known  phenom- 
ena of  sterile  hybrids  would  be  impossible,  the  sterility  which  puts  an 
end  to  their  existence  being  due,  as  now  known,  to  the  failure  to 
perform  synapsis  or  chromatin  fusion.  On  the  other  hand,  it  may  be 
that  crosses  between  narrowly  inbred  varieties  sometimes  have  the 
power  of  passing  by  the  period  of  synapsis  without  a  true  fusion  of 
the  parental  chromatin,  perhaps  in  a  manner  corresponding  to  that  in 
which  Thalictrum  produces  seeds  parthenogenetically,  by  avoiding 
chromosome  reduction.  The  germ-cells  might  have  a  preponderance 
of  chromatin  from  one  p>arent  or  the  other,  or  might  even  be  quite 
unmixed,  as  claimed  for  Mendelian  hybrids.  It  is  obvious,  however, 
that  to  explain  Mendelism  in  this  manner  is  to  admit  the  essential 
abnormality  of  the  phenomenon. 

SUVXAXY. 

It  has  been  held  self-evident  that  there  can  be  nothing  in  evolution 
except  heredity  and  environment,  and  it  was  a  simple  deduction  from 
such  an  aphorism  that  differences  must  all  be  due  to  environment,  since 
"  heredity  would,  if  nothing  interfered,  keep  the  descendants  perfectly 
true  to  the  physical  characters  of  their  pi-ogenitors."  Such  heredity, 
however,  is  a  pure  figment  of  the  scientific  imagination;  it  is  a 
hypothesis  which  lends  us  no  aid  in  understanding  the  facts  of 
organic  succession.  A  stereotyped  heredity  could  make  nothing  new; 
the  interbreeding  of  diverse  individuals  and  the  prepotency  of  new 
vai'iations  ai"e  the  constructive  factors,  not  heredity  and  environment. 

Symbasis  is  the  method,  interbreeding  the  means,  and  sexuality  the 
mechanism  whereby  organic  evolution  has  been  accomplished;  these 
arc  the  concrete  and  eflicient  causes  of  the  vital  motion  of  species 
The  association  of  organisms  into  species  of  similar  individuals  is  not 
brought  about  by  a  predetermining  hereditary  mechanism,  but  by 
symbasic  interbreeding.  The  highest  organization  has  not  been 
attained  in  "asexual  generations,"  but  in  structures  completely  and 
essentially  sexual,  built  wholly  of  conjugating  cells.     There  has  been 
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no  evoliitioQ  away  from  sexuality.  Long-continued  violations  of  the 
law  of  »yaiba8i8  bring  only  degeneration. 

Thi.s  interpretation  of  evolutionary  facts  open,s  the  way  to  an  ade- 
quate physiological  explanation  of  tlie  signiticance  of  Hex,  and  affords 
also  a  working  theory  of  the  chief  cytological  complications  tliat  have 
arisen  as  a  consequence  of  sex — complications  that  have  hitherto 
rendered  obscure  the  nature  of  the  cell-bodies  of  higher  animals  and 
plants. 

The  external  diversity  of  ot^nic  nature  and  the  internal  diversity 
of  cells  and  of  reproductive  processes  take  on  new  and  unexpected 
signilicance.  Roth  arc  shown  to  be  conaequences  of  sexual  s)>ccializa- 
tion,  without  which  no  evolutionary  advance  beyond  shnple-cell  colo- 
nies has  Iwen  possible.  More  than  this,  gradations  in  the  perfections 
of  the  higher  double- celled  structure  are  correlated  with  dehnite  stages 
of  evolutionary  j)rogress,  so  that  from  the  structure  of  an  organism 
its  kind  of  sexuality  can  be  deduced.  Evolution  becomes,  in  the  new 
view,  a  physiological  rather  than  a  morphological  process,  since  the 
methods  of  descent  affect  the  quality  and  efficiency  of  the  organism 
even  more  promptly  and  fundamentally  than  they  do  its  external 
form. 
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EXPLANATION  OF  PLATE. 

Thn  circles  (O)  eitrhto  (8),  and  thetas  {©1  represent  in  each  case  the  naclM«  or 

nuderMon«V  lo  a^l/i^^  tl,«  su^-ession  of  cell  ReneratLom  is  «hown  by  a 

ha.  bJen  taken  ol  the  «nom»iu_  mulliiilraOon  of  cell,  whicb  or- 


Z  nimeroii  cell  Bener.tioD.  which  m.ke  np  the  omu.lm.  i-  qoe^o"  ' 

BXPLASATIOS   OP  81UN8- 

p  Pl,„«p«^tolon  of  the  cvtoplna..,  or  unrreclaUa.!  ptot«pb«in. 

K  K«ryap«l»-fuiioii  of  the  nuclei,  or  nnclcr  prolophmin. 

gj  Synapsis— fueion  of  the  chromatin  elements. 

g^    Heterotypic  ami  honiotypic  division,  following  .ynapeis. 

Nncleiof  haplogamic  ph«!-sln.c,n,e.  con,p«,l  of  .Impl,  cell,  b.vit« 
OOOO        nuclei  and  chromatin  eleme1)tJ^  completelj  fusc-t. 

OOOO     Nnclei  of  .paylommic  ph|>«-.tn.ct«,=.  com,«.cd  of  double  cell.,  c«,h 
OOOO        having  two  unfuaed  nuclei. 

Nnclei  of  pat^."™  Ph">-?''»;'°/"  ""^'T'  "'  ''"""'  """  '"™* 
BQQ       single  nuclei  containing  uutused  ehiflmosomes. 

[  1  Cell,  at  periods' whei«  the  otguilam.i.  mluced  to  a  single  cell. 


EXPLANATIOK   OF   PIOCBES. 

1?.     1      Txwer  otminiein  snch  as  8pha;roplea,  having  only  aimijle-celled  (haplo- 
g.Sic)ti«»    ThSS&Tggunde?go»;od.vclopm.,,tl.eyond„erely.phttn,g 

%r2-Hig^Tfu;™,»fhrnensocPncc,„l.,.howlngal^^^^^^^^^ 

sS;itu?l?rJr?cri^-^.&S5?i;'r^^^^^ 

feiTos.,  showiug  altetnation  of  a  long  .™pl.; ».l|d_J|d  .^^^^^^^ 
EriS«K«ESTS,luid."1'hl1e"llfi.r4"hL,..p.nde.,  .lightly  into. 


much  into  a  mass  ol  paraeimic  '~»»         ,u.,..„,,i,ernationol  a  very  short  «mpl.^ 

F.O.  5.-Flo.ering  phml   ■''""f^rilkri^hS    E  puian.lc  'pha«!  having 

celled  phase  with  a  v-ery  1™8  i'°?»?;'?i''?oJ5'S^'  jheSg  iothci^iell  develop. 

developed  greatly  at  *«  "I«™  lSSJS''Sr?ilind.  'nW  a  large  ma>i  ol  p.£ 

°g;^^,c°?r"i^wKCUoy  SSfh.'?i^'rph«.  d«.i.,.  i. .  -mip...- 
•'rrii;r;rau"^sn»*e.^ 
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<ri  Plint  Induitiy.  U,  S  Dtpt.  of  Acricullun. 


FIG.5.-rL0WERlNG  PLANT. 

'NoooooooooooooooooocxxKXiooQOooQt^ 
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F1G.6-H1GHER  ANIMAL. 
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